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THE  DIRECTOR'S  REPORT 

The  Institute  has  completed  its  first  year  with  a  new  Director.   This  has 
been  a  year  during  which  no  major  organizational  changes  have  taken  place, 
while  the  Director  and  her  immediate  staff  have  reviewed  in  detail  each 
program  area  as  well  as  the  totality  of  mechanisms  that  each  has  been  using 
to  fund  research  and  research  training.   As  was  discussed  in  last  year's 
annual  report,  each  program  director  has  full  responsibility  within  his 
given  area.   Above  and  beyond  this,  as  seems  appropriate,  based  partially 
on  mandated  areas  of  emphases  but  even  more  on  the  preceptions  of  program 
scientific  staff,  growth  is  encouraged  in  areas  in  which  innovative  research 
seems  likely.   Furthermore,  since  there  is  considerable  overlap  between 
program  areas  such  as  "pharmacogenetics,"  "cellular  and  subcellular  changes 
induced  by  trauma,"  "behavioral  genetics,"  and  "application  of  engineering 
at  the  cellular  level,"  emphasis  has  been  and  will  continue  to  be  placed 
on  interactions,  cooperation  and  exchanges  between  programs. 

Although  the  budget  for  this  Institute,  as  for  all  others,  remained  quite 
uncertain  for  much  of  the  year,  the  final  appropriation  enabled  NIGMS  to 
fund  quality  research  projects  adequately.   Furthermore,  restoration  of 
previous  cuts  in  noncompeting  research  grants  was  possible  in  most  instances. 

NIGMS  RESEARCH  TRAINING 

A  major  activity  of  the  Institute  staff  during  fiscal  '75  was  the  development 
and  implementation  of  the  new  National  Research  Service  Award  Program,  which 
was  authorized  by  Congress  on  July  12,  1974,  through  Public  Law  93-348. 
This  law  replaced  the  earlier,  more  general  authority  for  support  of  research 
training  under  which  the  Institute  had  been  operating.   A  grandfather  clause 
gives  the  Institute  authority  to  phase  out  existing  programs,  including 
the  so-called  "Weinberger  Program,"  in  an  orderly  manner.   This  means  that, 
for  an  interim  period,  the  Institute  is  operating  three  different  training 
programs . 

Since  the  late  1950' s,  the  NIGMS  had  gradually  developed  a  major  program  for 
research  training  at  both  the  predoctoral  and  postdoctoral  levels  covering 
some  20  major  discipline  areas  and  serving  future  needs  for  trained  investi- 
gators not  only  in  the  NIGMS  research  programs,  but  for  all  of  the  Institutes 
at  NIH.   In  January  1973,  the  Government  began  a  phase-out  of  these  grants 
which  was  interrupted  a  year  later,  but,  in  effect,  reinstated  in  July  1974 
when  the  old  authority  was  replaced  by  Public  Law  93-348.   In  the  summer  of 
1973,  a  postdoctoral  research  training  program,  the  so-called  "Weinberger 
Program,"  had  been  begun,  offering  support  in  a  limited  number  of  research 
areas  judged  to  be  in  particular  need  of  additional  manpower.   A  similar 
feature  of  P.L.  93-348  required  the  Secretary,  DHEW,  to  limit  support  of 
research  training  to  areas  for  which  a  shortage  of  research  manpower  had  been 
shown  to  exist.   The  National  Academy  of  Sciences  was  requested  to  provide 
the  analysis  and  to  make  recommendations  in  this  regard.   Because  of  the 
time  requirements  for  such  an  analysis,  the  Institutes,  including  NIGMS,  were 
allowed  to  announce  support  in  areas  which,  in  their  best  judgment,  were  in 
particular  need  for  research  manpower.   In  the  opinion  of  the  Institute 
staff,  and  supported  broadly  by  the  academic  community,  this  purpose  would 


be  served  by  encouraging  the  development  of  increased  breadth  in  graduate 
science  education.   Five  multidisciplinary  predoctoral  training  programs 
were  announced  to  the  public  in  December  1974.   In  order  to  meet  more  speci- 
alized objectives,  four  institutional  and  10  individual  postdoctoral  programs 
were  announced.   In  addition,  the  Institute  was  able  to  re-start  the  MARC 
Faculty  Fellowship  Program  and  further  formulate  plans  for  a  prebaccalaureate 
program,  although  no  awards  have  been  made  yet.   Descriptions  of  the  areas 
of  support  which  were  announced  are  in  the  appendix. 

Because  of  unavoidable  delays  in  formulating  guidelines  for  the  institutional 
awards,  the  final  announcements  were  not  made  until  December  1974,  with  a 
deadline  for  receipt  of  applications  in  February,  and  final  study  section 
review  in  April  1975.   With  the  short  time  for  preparing  applications,  it 
is  probable  that  not  all  potential  applicants  were  able  to  submit  proposals. 
In  spite  of  this,  the  Institute  received  312  applications  for  institutional 
awards,  which  represented  a  major  review  task  for  the  Division  of  Research 
Grants.   Although  project  site  visits  are  often  helpful  in  the  review  of 
grants  of  this  kind,  time  and  staff  were  not  sufficient  to  allow  any  to  be 
made.   Tables  showing  the  institutional  and  individual  awards  made  in 
FY  1975  by  program  as  well  as  the  phase-out  awards  in  the  old  program  are 
included  in  the  appendix. 

CENTER  GRANTS 

The  Institute  extended  its  experimental  procedure  for  review  of  center  grant 
applications  from  the  review  of  the  Molecular  Pathology  Center  Grants  to 
that  of  Burn  and  Trauma  Research  Centers  and  will  be  extending  it  to  the 
review  of  Anesthesiology  Centers  as  well.   In  this  procedure,  the  Division 
of  Research  Grants  first  reviews  each  individual  project  using  an  appropriate 
initial  review  group;  and  the  total  project,  along  with  the  request  for  core 
support,  is  then  reviewed  by  a  special  study  section  which  determines  whether 
the  proposals,  considered  together,  form  an  integrated  whole.   The  procedure 
is  still  evolving,  and  a  number  of  problems  which  have  arisen  are  being 
solved  in  order  to  improve  it. 

An  alternate  method  was  used  by  the  Biomedical  Engineering  Research  Program, 
in  which  several  applications  for  research  centers  were  reviewed  at  the  same 
time  by  a  single  special  review  committee — a  method  which  provided  for 
excellent  review. 

STAFF  CHANGES 

A  new  Director,  Dr.  Ruth  L.  Kirschstein,  was  appointed.   Previous  appoint- 
ments were  reconfirmed  as  follows: 

Dr.  Leo  von  Euler  -  Deputy  Director 

Dr.  Arthur  Heming  -  Associate  Director  for  Program  Activities 

Dr.  Charles  Miller  -  Special  Assistant  for  Manpower 

Dr.  Vincent  Price  -  Special  Assistant 


A  number  of  new  professional  members  joined  the  staff: 

Dr.  Sara  Gardner  -  Pharmacology-Toxicology  Program 

Dr.  Sue  Badman  -  Cellular  and  Molecular  Basis  of  Disease  Program 

Dr.  Americo  Rivera  -  Biomedical  Engineering  Program 

Dr.  George  Cosmides  and  Dr.  Dorothy  Brodie  transferred  to  other  Institutes, 
and  Dr.  Matti  Al-Aish  transferred  from  the  Cellular  and  Molecular  Basis  of 
Disease  Program  to  the  Biomedical  Engineering  Program. 

NATIONAL  ADVISORY  GENERAL  MEDICAL  SCIENCES  COUNCIL 

During  FY  1975,  one  of  the  new  and  highly  valued  members  of  the  NAGMS  Council, 
Dr.  James  H.  Birnie,  died  unexpectedly;  and  three  other  members — Miss  Susan 
Norton,  Dr.  Clifford  Gurney,  and  Dr.  Robert  Murray — completed  their  terms  of 
office.   Their  contributions  to  the  Council  were  significant  and  they  will 
be  missed.   Three  new  members,  Dr.  Louis  Levin,  Dr.  Dean  Warren,  and  Ms.  Helen 
Chang,  joined  the  Council  in  March.   The  Council  agreed  to  continue  to  review 
the  activities,  programs,  and  problems  of  each  of  the  five  program  areas  by 
forming  into  subgroups  which  will  study  the  programs  in  detail  during  the 
coming  year. 


Research  Grants 
Training  Grants 
Special  Programs  (Centers) 
Fellowships 

Research  Career  Awards 
Management  and  Services 
R&D  Contracts 
Scientific  Evaluation 
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APPENDIX 

NIGMS  RESEARCH  TRAINING 

NATIONAL  RESEARCH  SERVICE  AWARDS 


c 


Areas  of  Support 
Predoctoral  Institutional  National  Research  Service  Awards 

1.  Cellular  and  Molecular  Biology 

Programs  should  be  of  a  cross-discipline  nature  in  cellular  and  molecular 
sciences,  involving  cooperation  between  two  or  more  Ph.D.  degree  programs  or 
departments  (such  as  anatomical  sciences,  biochemistry,  biophysics,  genetics, 
microbiology,  and  pathology),  with  representative  faculty  members  capable  of 
providing  integrated  training  and  offering  thesis  research  opportunities  at 
the  cellular  and  molecular  level. 

2.  Genetic  Mechanisms  and  Regulation 

Training  should  focus  on  the  principles  and  mechanisms  of  genetics,  drawing 
upon  a  number  of  disciplines  and  research  areas  such  as  chemistry,  bio- 
chemistry, cell  regulatory  processes,  and  developmental  biology.   The  goal 
of  the  program  is  further  understanding  of  molecular  and  physiological 
mechanisms  as  well  as  population  and  behavioral  aspects  of  heredity  and  of 
genetic  disease. 

3.  Pharmacological  Sciences 

Training  should  emphasize  the  acquisition  of  competence  in  the  broad  fields 
of  pharmacology  and  toxicology  to  conduct  research  on  drug  actions  and  effects 
in  living  cells,  in'  animals,  and  in  man — ranging  from  the  chemical  to  the 
clinical  level,  with  thesis  opportunities  also  included  in  such  areas  as  bio- 
chemistry, physiology,  medicinal  chemistry,  pharmacogenetics  and  behavioral 
pharmacology  and  other  cognate  fields,  via  collaborating  departments. 

4.  Systems  and  Integrative  Biology 

Research  training  should  center  around  cross-field  graduate  programs  involving 
such  disciplines  and  departments  as  physiology,  bioengineering  and  biomathe- 
matics;  or  physiology,  nutrition  and  behavioral  science;  or  other  combinations 
of  disciplines  for  building  research  competence,  usually  toward  investigating 
organ  systems  and/or  integrative  functions  of  animals  and  man. 

5.  Medical  Scientist 

Special  programs  of  integrated  medical  and  graduate  research  training  required 
to  investigate  problems  of  diseases  in  man.   These  interdisciplinary  programs 
assure  the  highly  selected  trainees  access  to  the  full  range  of  pertinent 
biological,  chemical,  physical  and  social  sciences  as  well  as  medicine. 
Graduates  may  be  expected  to  enter  medical  school  faculties  in  either  basic 
science  or  clinical  departments  to  conduct  research  and  to  translate  new 
knowledge  directly  to  clinical  teaching,  practice,  and  other  aspects  of 
health  care. 


Postdoctoral  Institutional  National  Research  Service  Awards  | 

1.  Basic  Pathobiology 

Advanced  training  in  a  research  environment  affording  interdisciplinary 
opportunities  for  post-Ph.D.'s  from  basic  biological  sciences  and  biophysical- 
biochemical  fields  to  participate  in  fundamental  biomedical  research  problems 
including  research  on,  or  applicable  to,  an  understanding  of  pathologic  and 
disease  systems;  and  to  provide  post-M.D.'s  with  an  in-depth  working  knowledge  ( 
of  the  principles  and  tools  of  basic  science  for  research  at  the  cellular  and 
molecular  levels  in  both  normal  and  diseased  states. 

2.  Genetics  (with  emphasis  on  Medical  Genetics) 

Advanced  and  special  research  training  in  genetics,  utilizing  and  applying  the 
principles  and  fundamental  mechanisms  of  genetics  toward  the  understanding  of 
human  genetic  disease.   Postdoctoral  trainees  to  be  drawn  from  diverse  basic 
biological  and  medical  backgrounds  for  research  study  with  faculty  represent- 
ing various  approaches  to  genetic  research — ranging  from  biochemical  genetics 
to  human  population  genetics.   Preference  will  be  given  to  applications 
presenting  training  opportunities  in  medical  genetics. 

3.  Clinical  Pharmacology 

Advanced  research  training  in  basic  and  clinical  pharmacology  and  planned 
studies  to  acquire  fundamental  scientific  knowledge  and  research  techniques    ^ 
in  areas  such  as  chemistry,  biochemistry,  physiology,  genetics,  certain 
behavioral  science  subdisciplines  and  clinical  research  specialties,  to  make 
individuals  holding  the  M.D.  or  Ph.D.  degree  competent  to  investigate,  in 
depth,  the  effects  and  the  mechanisms  of  drug  actions  in  humans. 

4.  Trauma  and  Burn  Research 

Special  multidisicplinary,  research-based  program  to  train  postdoctoral 
scientists  to  become  capable  of  advancing  our  knowledge  of  the  body's  complex 
reaction  to  trauma  and  burn  injuries.   The  supervisory  staff  should  include 
trauma  surgeons  and/or  burn  specialists  as  well  as  basic  scientists,  and  the 
program  director  is  expected  to  emphasize  research  training  in  related  fields 
such  as  physiology,  biochemistry,  and  microbiology. 


Individual  (Postdoctoral)  National  Research  Service  Awards 

1.   Anesthesiology 

Research  training  support  is  offered  to  individuals  with  the  M.D.  degree^/ 
and  special  interest  in  anesthesiology  who  seek  to  acquire  fundamental 
knowledge  and  competence  in  an  appropriate  basic  science  field  that  will 
provide  an  investigative  background  needed  to  strengthen  the  fellow's 
capability  for  contributing  significantly  to  research  in  anesthesiology. 


( 


1/  Where  the  M.D.  degree  is  mentioned  or  implied,  it  refers  also  to 
other  medical,  professional  degrees  such  as  D.D.S.,  D.O.,  D.V.M. 


2.  Cellular  and  Molecular  Biology 

Awards  are  intended  to  assist  individuals  holding  the  Ph.D.  degree  in  the 
biological  or  physical  sciences  in  acquiring  special  advanced  research 
training  toward  developing  necessary  cross-field  knowledge  for  a  research 
career  in  cell  sciences — in  areas  such  as  membrane  structure  and  function, 
cell  motility,  differentiation,  enzyme  catalysis  and  regulation,  and  pro- 
teins and  other  macromolecules,  which  are  essential  for  an  understanding  of 
living  systems  at  the  cellular-molecular  level.   The  program  also  would 
provide  individuals  holding  the  M.D.  degree  with  the  requisite  background 
and  skills  in  basic  research  to  bring  new  knowledge  at  the  subcellular  and 
molecular  level  into  medicine. 

3.  Genetics 

Awards  are  made  for  advanced  research  training,  developing  and  utilizing  the 
principles  and  fundamental  mechanisms  of  genetics  and  related  fields  toward 
further  understanding  of  genetic  regulatory  processes  in  general  and  of 
human  genetic  disease.   Applicants  may  seek  research  study  with  investigators 
representing  various  approaches  to  genetic  research — ranging  from  biochemical 
genetics  to  human  population  genetics. 

4.  Basic  Pathobiology 

Advanced  training  in  a  research  environment  affording  interdisciplinary 
opportunities  for  post-Ph.D.'s  from  basic  biological  sciences  and  biophysical- 
biochemical  fields  to  participate  in  fundamental  biomedical  research  leading 
to  an  understanding  of  pathologic  processes;  and  to  provide  post-M.D.'s  with 
an  in-depth  working  knowledge  of  the  principles  and  tools  of  basic  science 
for  research  at  the  cellular  and  molecular  levels  in  both  normal  and  diseased 
states. 

5.  Systems  and  Integrative  Biology  (Bioengineering  and  Physiology) 

Research  training  support  is  offered  to  individuals  holding  the  M.D.  or  Ph.D. 
degree  who  seek  to  apply  engineering,  physical  and/or  mathematical  principles 
to  biological  and  medical  problems.   Support  is  also  available  to  individuals 
seeking  competence  in  the  in-depth  and  quantitative  study  of  organs  and 
systems  involved  in  integrated  physiological  functions  of  animals  and  man. 

6.  Pharmacological  Sciences 

Training  should  emphasize  the  acquisition  of  competence  in  the  broad  fields 
of  pharmacology  and  toxicology  to  conduct  research  on  drug  actions  and  effects 
in  cells,  in  animals,  and  in  man.   Proposals  may  range  from  the  chemical  to 
the  clinical  level  of  study  and  include  training  opportunities  in  such  areas 
as  biochemistry,  physiology,  medicinal  chemistry,  genetics,  and  other  cognate 
fields. 


7.  Behavioral  Science  Related  to  Medicine 

Research  training  support  is  offered  to  individuals  holding  the  Ph.D.  degree 
who  seek  competence  to  apply  the  knowledge  and  methods  of  such  behavioral 
science  disciplines  as  psychology  and  sociology  to  medical/clinical  problems, 
or  to  individuals  with  backgrounds  in  medicine  or  the  fundamental  biomedical 
sciences  who  seek  appropriate  training  in  behavioral  sciences.   The  training 
should  prepare  individuals  tc  conduct  research  in  such  developing  fields  as 
behavioral  genetics,  the  behavioral  aspects  of  trauma  and  its  treatment,  and 
pain  research. 

8.  Clinical  Laboratory  Sciences 

Research  training  for  individuals  holding  the  Ph.D.  degree  in  a  basic  bio- 
medical science  who  seek  to  apply  this  knowledge  to  the  development  of 
clinical  laboratory  science.   Individuals  with  a  medical  background  who  seek 
research  training  in  depth  in  a  basic  biomedical  science  with  the  goal  of 
applying  this  knowledge  to  clinical  laboratory  medicine  are  also  eligible. 

9.  Trauma  Research 

The  goal  of  this  program  is  to  educate  individuals  capable  of  advancing  our 
knowledge  of  the  body's  complex  reactions  to  trauma  and  burns.   Candidates 
are  expected  to  emphasize  research  training  in  such  fields  as  physiology  or 
biochemistry  and  should  be  under  the  supervision  of  a  staff  that  includes 
both  trauma  surgeons  or  burn  specialists  and  basic  scientists. 

10.   Epidemiology 

Research  training  for  individuals  holding  the  M.D.  degree  who  seek  broad 
competence  to  study  epidemiological  problems.   The  range  of  problems  in 
epidemiology  has  now  become  so  wide  that  increased  specialization  and  rigorous 
preparation  are  required  to  advance  this  field. 


FY  1975  Awards  in  Research  Training 


Table  I 

Institutional  NRS  Awards  in  FY  75 

(Dollars  in  thousands) 


Institute 

Program  Area 

Appl 

ications 

No. 

Trainees 

Total 

Program 

of  Support 

Rev'd 

Appvd . 

Awards 

Pre 

Post 

Costs 

Cellular  & 

Cellular  & 

Molecular 

Molecular  Biol. 

78 

58 

33 

365 



$3,457 

Basis  of 

Pathobiology 

36 

29 

17 



67 

1,213 

Disease 

Medical  Scientist 

24 

17 

11 

80 



874 

Genetics 

Genetic  Mech- 
anisms and 

Regulation 

34 

29 

22 

155 



1,360 

Genetics 

(Medical) 

24 

14 

12 



40 

699 

Pharmacology- 

Pharmacological 

Toxicology 

Sciences 

52 

38 

32 

137 



1,263 

Clinical  Pharm. 

14 

7 

7 



14 

266 

Biomedical 

Systems  & 

Engineering 

Integrative 

Biology 

12 

7 

4 

22 



239 

Clinical  & 

Systems  & 

Physiological 

Integrative 

Sciences 

Biology 

29 

21 

11 

48 



431 

Trauma  &  Burn 

9 

7 

7 



14 

267 

Total 


312 


227 


156    807  135   $10,069 


Table  II 
Individual  NRS  Awards  in  FY  75 


Institute  Program 


Cellular  and  Molecular  Basis 
of  Disease 

Genetics 

Pharmaco logy-Toxico logy 

Biomedical  Engineering 


Clinical  &  Physiological 
Sciences 


Program  Area  of  Support 

Cellular  and  Molecular  Biology 
Basic  Pathobiology 

Genetics 

Pharmacological  Sciences 
Clinical  Pharmacology 

Clinical  Laboratory  Sciences 
Systems  &  Integrative  Biology 

Anesthesiology 

Behavioral  Sciences  Related  to 

Medicine 
Epidemiology 
Trauma  and  Burn  Research 


No. 
Awards 

106 


109 
17 


Minority  Access  to  Research 


Careers  (MARC) 

18 

Total 

261 

Table  III 
"Old"  Fellowships  Programs  (F01,  F02, 

F03, 

F12,  F14) , 

F22 

s  and 

T22*s 

"Old  Fellowships" 

No. 
Awards   Dollars* 

44      $539,541 

Ai 

F22 

T22 

Institute 
Program 

Cell.  &  Molec. 
Basis  of  Dis. 

No. 
vards 

16 

Dollars* 
$286,339 

No. 
Awards 
#  FTE 

6  27 

Dollars* 
$479,643 

Genetics 

27 

311,167 

19 

264,267 

16 

43 

769,915 

Pharm-Tox 

52 

636,197 

9 

162,150 

6 

27 

512,791 

Biomed .  Eng . 

15 

249,420 

6 

92,359 

— 

— 



Clin.  &  Physio- 
logical Sci. 

4 

61,807 

5 

85,800 

— 

— 



MARC 

38 

180 

1,149,998 
$2,948,130 

55 



28 

97 

Total 

$890,915 

$1,762,349 

*Total  encumbered 
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Table  IV 

'Old"  Training  Grant  Program  Awards  in  FY  75 

(Dollars  in  thousands) 


Institute  Program 
Cell.  &  Molec.  Basis  of  Disease 
Genetics 

Pharmacology-Toxicology 
Biomedical  Engineering 
Clinical  &  Physiological  Sciences 
Total 


#  Tra 

inees 

No. 

Total 

Pre 

Post 

Awards 

Costs 

2,000 

280 

193 

$17,720 

300 

42 

32 

2,683 

353 

50 

49 

3,129 

251 

80 

45 

3,935 

594 

174 

99 

7,963 

3,498 

626 

418 

$35,429 
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BIOMEDICAL  ENGINEERING 

SCOPE 

This  section  of  the  Annual  Report  describes  the  intent,  content  and  future 
plans  of  the  Institute's  research,  development  and  research  training  program 
in  Biomedical  Engineering. 

Current  support  for  the  Program  is  as  follows:   research  grants  $13,922,000; 
research  training  grants  $3,935,000;  fellowships  $532,000;  and  development 
$550,000.   This  $18,939,000  investment  represents  approximately  10.4%  of 
NIGMS'  total  research,  development  and  research  training  effort.   These 
figures  are  elaborated  on  more  specifically  in  the  Institute's  overall 
funding  tables  for  fiscal  year  1975. 

OBJECTIVES 

The  tremendous  capabilities  of  engineering  are  attested  to  by  its  indispens- 
able role  in  many  of  mankind's  most  spectacular  achievements,  as  in  the 
applications  of  nuclear  physics,  missile  research  and  development,  and  the 
development  of  electronic  computers,  none  of  which  would  have  been  possible 
without  engineering  technology.   To  support  the  assualt  now  being  made  on  the 
nation's  health  problems,  it  is  essential  now  and  in  the  next  decade  that  a 
sufficient  and  adequate  portion  of  our  engineering  resources  be  directed, 
through  research  and  development,  to  exploring,  obtaining,  and  applying  know- 
ledge about  life  itself  and  to  meeting  the  common  everyday  health  needs  of 
men  and  women. 

Accordingly,  in  partial  pursuit  of  these  ends,  the  objectives  of  the  Biomedical 
Engineering  Program  are  (1)  to  support  the  effective  introduction  of  the 
principles  and  practices  of  engineering  science  into  fundamental  and  applied 
biomedical  research,  and  (2)  to  support  quality  research  training  in  this  area. 
In  selected  instances,  often  arising  from  research  supported  by  the  Institute, 
prototype  instrumentation  and  devices  are  being  developed  that  will  be  useful 
in  the  improvement  of  medical  care.   The  Program  has  two  Sections — one  in 
Research  and  Development  (that  includes  diagnostic  radiology)  and  one  in  the 
Automation  of  Clinical  Laboratories.   To  reach  these  objectives,  several  mech- 
anisms for  support  have  been  used.   They  include  project  grants,  program  project 
grants,  center  grants,  training  grants,  fellowships,  career  development  awards 
and  contracts. 

During  the  past  year  a  detailed  presentation  of  the  Program  was  made  to  the 
Institute's  Advisory  Council.   It  consisted  of  three  parts. 

A.   Dr.  James  F.  Dickson,  III,  Director  of  the  Biomedical  Engineering 
Program,  discussed  the  general  and  specific  purposes  of  the  Program,  its 
history  to-date,  its  organizational  structure,  its  overall  funding  features, 
its  particular  content,  its  interaction  with  other  segments  of  DHEW,  some  of 
its  problems  and  its  likely  future.   This  was  followed  by  a  question  and 
answer  period  that  dealt  with  the  organizational  arrangement  of  die  Program 
and  the  special  funding  responsibilities  of  each  of  the  Program's  sections. 
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B.  Dr.  James  Meindl,  Professor  of  Electrical  Engineering  at  Stanford 
University,  spoke  on  the  use  of  integrated  electronics  in  medicine.   His 
slide  and  movie  presentation  reviewed  the  technology  involved  in  integrated 
electronics  and  the  current  state  of  its  application  to  ultrasonic 
visualization  of  soft  tissue  structures  within  the  human  thorax  and  abdomen. 
In  a  discussion  period  Dr.  Meindl  commented  on  additional  applications  of 
integrated  electronics  in  biomedical  research  and  for  patient  diagnosis  and 
treatment. 

C.  In  closing,  Dr.  Dickson  and  Dr.  Meindl  sat  jointly  as  a  panel  and 
responded  to  questions  from  the  Council  about  the  Program  proper  and  about 
the  field  of  biomedical  engineering  in  general.   Discussion  dealt  largely 
with  (1)  university/industry  interaction  in  this  area,  (2)  difficulties  en- 
countered in  moving  the  results  of  biomedical  engineering  research  and 
development  into  medical  practice,  and  (3)  the  nature  of  the  Institute's 
emerging  biomedical  engineering  research  centers  program. 

RESEARCH 

1.   Research  and  Development 

This  Section  of  the  Program  is  concerned  with  the  theoretical,  applied  and 
development  aspects  of  biomedical  engineering.   It  presently  supports 
projects  and  programs  in  the  areas  of  the  application  of  communication  and 
control  theory  to  the  study  of  biological  systems,  biomedical  instrumentation, 
biomaterials,  patient  monitoring,  computers  for  biomedical  research  and  the 
application  of  the  methods  and  technologies  of  the  physical  sciences  and 
engineering  for  the'  development  of  more  effective  methods  for  the  prevention, 
diagnosis,  and  treatment  of  medical  disorders.   Included  in  this  Section  is 
support  for  diagnostic  radiology  studies  using  ionizing  radiation,  radioactive 
isotopes,  infrared  radiation  and  thermography  for  the  investigation  of  structure 
and  function  in  disease.   Another  area  of  interest  is  the  development  and 
evaluation  of  new  diagnostic  equipment  and  contrast  agents.   The  radiologic 
examination  itself  is  being  analyzed  as  to  efficiency  of  diagnostic  techniques 
and  methods  of  reporting  results. 

During  the  present  year,  research  emphasis  in  this  Section  was  especially  given 
to  (1)  the  use  of  the  principles  and  practices  of  engineering  science  to  explore 
life  processes  at  molecular  levels;  (2)  the  application  of  engineering  control 
theory  for  the  study  of  physiological  processes;  (3)  data  processing  for 
computer-aided  techniques  for  clinical  decision  making;  (4)  microelectronic 
instrumentation  for  physiological  studies  and  patient  care;  (5)  the  application 
of  engineering  techniques  for  the  diagnosis  and  treatment  of  the  critically 
ill;  and  (6)  the  use  of  radioisotopes,  and  infrared  and  laser  radiation  for 
the  improvement  of  diagnostic  radiology. 

In  addition  to  continued  emphasis  on  the  above,  particular  attention  will 
be  given  in  the  coming  year  to  consolidation  of  the  Institute's  programmatic 
interest  in  the  ultrasound  area  (see  appendix  1) . 
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The  Institute's  Biomedical  Engineering  Research  Centers  Program  will  move 
forward  with  the  establishment  of  5  or  6  centers  over  the  next  several  years. 
(To  date,  such  centers  have  been  funded  at  the  University  of  Washington, 
Stanford  University  and  Massachusetts  Institute  of  Technology) .   These 
centers  will  include  both  basic  and  applied  research.   They  will  represent  a 
scientific  focus  which  can  be  defined  and  within  which  answers  are  being 
sought.   Some  examples  of  such  foci  are:   instrumentation  research  and 
development;  research  on  the  application  of  integrated  electronics  to  bio- 
medicine;  the  application  of  engineering  concepts  of  communication  and 
control  for  the  study  of  biomedical  systems;  research  in  the  biomechanics 
or  biomaterials  area. 

Diagnostic  radiology  research  centers  are  also  currently  being  supported 
in  which  emphasis  is  placed  on  the  development  of  instrumentation  and  tech- 
niques in  radiation  and  nuclear  medicine  that  will  improve  the  sensitivity, 
selectivity,  and  accuracy  of  diagnosis  for  the  millions  of  people  who  are 
annually  referred  for  such  services. 

2.   Automation  of  Clinical  Laboratories 

This  program  is  considered  to  have  singular  importance  and  high  priority  in 
the  order  of  developmental  work  that  must  be  undertaken  to  assure  the  country 
of  a  more  adequate  system  for  the  delivery  of  health  services.   Public  concern 
over  health  care  has  increased  significantly  in  recent  years.   This  concern 
has  been  directed  at  the  clinical  laboratory  as  well  as  at  other  areas  in  the 
health-care  system.   Can  the  clinical  laboratory  be  made  more  responsive  to 
the  needs  of  the  patient?  Can  the  clinical  laboratory  develop  procedures 
that  will  allow  the  clinician  to  more  readily  take  advantage  of  recent  bio- 
medical advances?   Can  cost  per  test  be  decreased?  To  provide  answers  to 
these  and  similar  question,  the  Institute  feels  that  it  is  necessary  to 
maintain  a  continuing,  concerted  research  and  development  effort  directed 
toward  developing  new  and  advanced  concepts  and  methods. 

The  scope  of  the  supported  research  ranges  from  basic  analytical  and  biochemical 
studies  to  the  application  of  computers  for  processing  and  reporting  the 
large  amount  of  data  generated  by  today's  clinical  laboratories.  Mechanization 
and  on-line  automation,  ranging  from  specimen  examination  to  daily  cumulative 
test  results  for  the  physician,  has  been  developed  for  some  clinical  chemistry 
and  hematology  tests.   Computer  programs  for  microbiology  which  take  into 
account  the  slow  growth  of  micro-organisms  obtained  from  laboratory  specimens 
are  now  being  explored. 

In  addition  to  grant  support,  contract  support  directed  toward  some  of  the 
more  critical  solvable  problems  in  the  clinical  laboratory  is  used.   These 
include  accurate,  direct  methods  for  the  determination  of  chemicals  in  blood, 
positive  patient /sample  identification  systems,  standard  reference  materials 
and  methods,  and  the  improvement  of  diagnosis  for  viral  infections. 

In  recent  years,  the  Institute  has  supported  the  development  of  a  remarkable 
new  instrument  (GeMSAEC)  that  performs  blood  chemical  analyses  in  the  clinical 
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laboratory.   Using  principles  of  centrifugation,  this  instrument  carries  out 
analyses  more  rapidly  and  at  reduced  unit  costs.   A  miniaturized,  more  manipu- 
lable  version  has  been  developed  which  uses  microquantities  of  samples  and 
reagents.   It  is  intended  (1)  that  this  instrument  will  be  further  developed 
to  include  a  capacity  for  typing  and  crossmatching  blood  and  (2)  that  field 
testing  will  be  carried  out  in  intensive  care  units,  accident  wards  and 
doctors  offices. 

At  the  present  time  we  are  beginning  to  emerge  from  an  era  in  which  most  of 
the  technological  advances  and  scientific  concerns  in  the  clinical  laboratory 
sciences  were  directed  toward  mechanizing  the  operation  of  the  laboratory  and 
modifying  existing  methods  to  make  them  more  efficient.   There  are  many  evi- 
dences of  new  trends,  which  include  a  consideration  of  multivariant  analysis 
of  indicators  of  abnormality  not  previously  available  in  an  attempt  to  further 
differentiate  the  abnormal  state.   Many  of  the  new  analytical  concepts  are 
directed  toward  this  end.   Several  of  the  techniques  that  are  presently 
evolving  will  allow  the  clinical  laboratory  scientist  to  precisely  determine 
a  whole  host  of  new  indicators  of  normality  or  abnormality.   In  a  continuing 
symposia  series,  now  in  its  sixth  year,  the  Institute  has  attempted  to  provide 
a  forum  for  the  presentation  and  discussion  of  these  emerging  developments  in 
their  very  early  stages.   The  Sixth  Annual  Symposium  on  Advanced  Analytical 
Concepts  for  the  Clinical  Laboratory  was  held  in  March  1975  and  was  highly 
successful. 

Automation  of  clinical  laboratories  has  been  progressing  rapidly  since  the 
first  automated  machine  for  chemical  analysis  was  introduced  in  1958.   It 
is  fair  to  say  that  the  continual  development  and  use  of  such  instruments 
has  significantly  changed  the  practice  of  laboratory  medicine  during  the 
past  decade.   There  is  general  agreement  that  these  instruments  have  made 
it  possible  to  turn  out  large  volumes  of  laboratory  data  of  reasonably 
high  quality  at  lower  cost  than  if  such  determinations  were  performed  by 
manual  methods.   Questions  have  been  raised,  however,  regarding  the  direction 
in  which  clinical  laboratories  are  moving  in  respect  to  such  matters  as 
handling  of  data,  the  production  of  unnecessary  data,  cost  effectiveness, 
and  the  cost  to  the  patient. 

For  these  reasons,  it  was  deemed  desirable  to  organize  a  conference  on  the 
"Evaluation  of  Uses  of  Automation  in  the  Clinical  Laboratory,"  to  explore 
the  advantages  and  disadvantages  of  the  use  of  automation  in  the  clinical 
laboratory;  to  summarize  the  best  in  current  practice;  to  identify  areas  of 
weakness  in  current  practice;  to  suggest  improvements,  and  if  necessary 
indicate  where  further  studies  are  desirable.   The  chief  concern  of  the 
conference  was  to  determine  the  way  in  which  automation  in  clinical  labora- 
tories can  be  best  utilized  to  the  advantage  of  the  patient  in  terms  of 
medical  diagnosis,  treatment  and  care,  and  in  the  prevention  of  disease. 
The  Conference  was  held  in  May  1975  and  its  proceedings  will  be  published  by 
the  Institute. 

It  is  anticipated  that  in  the  coming  year  the  following  new  areas  of  research 
will  receive  particular  attention: 
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Microcalorimetry — Although  the  fundamental  theory  of  calorimetry  has  been 
known  for  many  years ,  it  has  not  been  successfully  applied  to  the  field  of 
clinical  chemistry.   With  the  advent  of  highly  sensitive  thermisters  capable 
of  measuring  minute  temperature  changes,  the  development  of  microcalorimetry 
for  chemical  analysis  now  shows  great  promise.   This  technique  could  be 
especially  effective  for  the  assay  of  enzyme  concentrations  in  minute  samples 
of  serum  provided  suitably  purified  substrates  can  be  made  available. 

Fluorescence — The  lack  of  specific  appropriate  physical  chemical  and  physical 
optical  knowledge  of  the  behavior  of  fluorescent  labels  used  in  biological 
systems  has  probably  been  the  principal  reason  that  automated  methods  for  the 
detection  of  fluorescent  antibodies  have  not  been  universally  accepted.   A 
concerted  effort  in  this  direction  may  yield  new  tools  for  the  analysis  of 
constituents  of  biological  material. 

Ion-Selective  Sensors — Though  recent  progress  in  ion-selective  membrane 
research  has  increased  its  potential  for  use  in  the  clinical  laboratory, 
actual  implementation  has  been  slow.   If  sensors  of  this  sort  are  to  be  used 
as  effective  tools  in  clinical  chemistry,  it  is  essential  that  their  operating 
principles  and  electrical  and  chemical  limitations  be  clearly  understood.   To 
date,  electrodes  are  available  for  the  selective  determination  of  approximate- 
ly 20  ions.   These  sensors  appear  capable  of  performing  continuous  measure- 
ments and  there  is  a  strong  likelihood  that  they  will  lend  themselves  to 
automated  techniques.   Research  is  ongoing  in  this  area,  but  additional  effort 
is  needed  if  we  are  to  achieve  an  adequate  understanding  of  the  function  of 
these  sensors. 

Feedback  Control  in  the  Clinical  Laboratory — Increases  in  precision,  accuracy, 
sensitivity,  speed,  reliability,  and  ease  of  analysis  all  serve  to  enhance 
the  analytical  utility  of  a  determination.   Of  the  many  means  used  to  effect 
these  improvements,  the  most  exciting  to  arise  in  the  recent  past  has  been  the 
digital  computer.   However,  until  recently,  the  computer  has  been  used  mainly 
for  bookkeeping  and  data  reduction.   Its  major  contribution  to  automated 
systems  clearly  lies  in  its  ability  to  control  the  entire  analytical  process 
in  a  closed-loop  system  sense. 

Miniaturization — The  miniaturization  of  laboratory  instruments  for  use  in 
intensive  care  units,  cardiac  care  units,  operating  rooms,  outpatient  depart- 
ments and  accident  wards  is  gradually  being  accomplished.   It  is  hoped  that 
such  miniaturization  will  help  cut  costs,  improve  quality,  and  increase 
access  to  medical  care. 

RESEARCH  TRAINING 

Over  the  past  several  years  and  at  the  present  time,  the  Biomedical  Engineering 
Program  has  provided  support  for  research  training  in  biomedical  engineering 
proper,  diagnostic  radiology,  clinical  chemistry  and  biometry  through  both 
training  grant  and  fellowship  mechanisms  to  predoctoral,  postdoctoral  and 
special  fellows. 
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Systems  and  Integrative  Biology 

Under  the  new  National  Research  Service  Award  Act  support  for  research  training 
in  biomedical  engineering,  diagnostic  radiology  and  biometry  have  been  sub- 
sumed in  this  descriptive  category.   The  research  trianing  which  is  offered 
both  as  individual  and  institutional  fellowships  will  center  around  cross- 
field  graduate  programs  involving  such  disciplines  and  departments  as 
physiology,  bioengineering  and  biomathematics;  or  physiology,  nutrition  and 
behavioral  science;  or  other  combinations  of  disciplines  for  building  research 
competence,  usually  toward  investigating  organ  systems  and/or  integrative 
functions  of  animals  and  man. 

Clinical  Laboratory  Sciences 

The  two  billion  tests  now  performed  annually  by  our  nation's  clinical 
laboratories  would  double  within  the  next  five  years  if  the  current  rate  of 
increase  were  to  continue.   This  workload  is  a  serious  problem  whose  resolu- 
tion lies  not  only  in  the  development  of  laboratory  automation,  but  also  in 
the  improvement  in  accuracy  and  standards  for  individual  tests ,  and  in  the 
development  of  increased  sophistication  with  respect  to  the  selection  of  tests 
actually  necessary  for  diagnosis  and  the  guidance  of  therapy.   Accordingly, 
clinical  laboratory  scientists  are  needed  who  have  had  thorough  research 
training  in  basic  biomedical  science,  which  they  can  then  apply  to  such  areas 
as  clinical  chemistry,  microbiology,  hematology,  immunology,  and  engineering. 
Individaul  fellowships  provide  support  for  this  purpose  to  M.D.'s  and  Ph.D.'s. 

RESEARCH  HIGHLIGHTS' 

"Computer-Aided  Biomedical  Pattern  Recognition" 

GM  19428-02  (Eden)  Massachusetts  Institute  of  Technology 

For  some  time  radiological  images  have  been  a  valuable  and  widely  used  tool 
in  clinical  medicine.   However,  their  efficient  use  has  largely  depended  on 
the  immediate  availability  of  highly  trained  radiologists.   Patients  remote 
from  medical  centers  often  have  their  X-ray  films  read  only  after  long  delays. 
To  overcome  this  problem,  the  prototype  of  a  new  transmission,  reproduction 
and  storage  technique  has  been  developed  at  MIT  that  provides  high  quality 
facsimiles  of  radiological  films  that  are  virtually  indistinquishable  from 
the  originals.   This  computer  controlled  device  makes  use  of  a  laser  scanner 
which  converts  light  transmitted  through  radiological  films  into  highly 
precise  electronic  signals.   These  can  be  sent  over  telephone  lines  to  a  central 
hospital  facility  where  the  signals  are  then  reconverted  into  an  accurate 
copy  of  the  original  film  in  a  matter  of  minutes  for  reading  by  a  radiologist. 
The  device  also  permits  the  storage  of  film  in  electronic  form  in  much  less 
space  than  is  now  required  for  conventional  films.   It  is  expected  that  this 
device  can  be  produced  at  a  modest  cost. 

"Materials  and  Components  for  Miniature  Fiberscopes" 
GM  21367-01  (Epstein)  Northwestern  University 

Examination  of  body  cavities  without  surgical  exploration  is  usually  accomplished 
by  means  of  a  variety  of  endoscopes.   In  recent  years  a  fiberoptic  technique 
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has  been  developed  in  which  light  is  transmitted  for  the  endoscopy  through 
a  bundle  of  glass  fibers. 

These  fiberoptic  endoscopes  are  comprised  of  a  fiberoptic  imaging  structure 
for  viewing,  a  channel  for  biopsy,  aspiration  or  insufflation,  and  the 
bundle  of  optical  fibers  to  transmit  light.   A  recent  demand  for  small  size 
endoscopes  has  pointed  to  the  need  for  a  reduction  in  the  size  of  these 
component  parts.   A  trouble  has  been  however,  that  in  the  currently  developed 
small  fiberscopes  the  light-transmitting  optical  fibers  still  occupy  nearly 
one-half  of  the  cross  section  of  the  instrument. 

In  these  instruments  the  source  of  light  for  illumination  is  a  projector 
or  an  arc  lamp  which  is  imaged  onto  the  bundle  of  optical  fibers.   Since 
such  light  sources  are  incoherent  they  cannot  be  focused  to  a  very  small 
cross  section.   On  the  other  hand,  the  use  of  coherent  light  sources  permits 
the  focusing  of  the  light  beam  down  to  the  diameter  of  a  single  fiber. 
Although  such  light  can  be  obtained  from  lasers,  a  major  drawback  until  now 
has  been  the  unavailability  of  the  multicolor  lasers  that  are  required  to 
synthesize  white  light. 

To  meet  this  need,  a  technique  to  pass  a  three-color  output  from  an  ion  laser 
through  a  single  optical  fiber  was  recently  developed  by  Dr.  Max  Epstein  at 
Northwestern  University's  Fiber  Optics  Research  Laboratory.   A  krypton  ion 
laser  was  used  with  a  special  broad  band  output  mirror  to  obtain  simultaneous 
lasing  at  three  different  colors  (blue,  green  and  red).   The  resulting  light 
was  a  white  light  beam  easily  focused  onto  a  single  optical  fiber.   At  the 
end  of  the  flexible  1  meter  fiber  the  output  light  can  illuminate  an  8  inch  x  8 
inch  area  and  it  is  adequate  for  viewing  and  color  photography. 

This  technique  requires  a  krypton  ion  laser  which  is  still  quite  expensive 
(several  thousand  dollars).   In  applications  where  black-and-white  displays 
are  adequate,  an  inexpensive  He-Ne  laser  (100  to  200  dollars)  can  be  employed 
to  obtain  TV  or  photographic  displays.   This  is  achieved  by  utilizing  the 
response  of  the  TV  camera  or  the  photographic  film  to  the  red  light  of  the 
He-Ne  laser. 

The  results  of  this  work  will  likely  be  significant  for  the  future  design 
of  endoscopic  and  related  medical  instruments. 

"Biomedical  Engineering  Center  for  Integrated  Electronics  in  Medicine" 
GM  17940-05  (Meindl)  Stanford  University 

The  determination  of  cardiac  output  is  an  important  measurement  in  the  post 
operative  assessment  of  patients  who  have  undergone  cardiac  surgery.   Usually, 
it  is  measured  by  laborious  dye-dilution  techniques  that  preclude  continuous 
monitoring.   Dr.  Meindl  has  developed  a  new  system  for  continuously  monitoring 
cardiac  output  after  heart  surgery  that  is  now  being  evaluated  clinically  at 
the  Palo  Alto  Veterans  Administration  Hospital.   During  surgery  an  ultrasonic 
transducer,  contained  in  a  silastic  holder,  is  sutured  to  the  aorta.   A  wire 
is  brought  out  through  the  skin  in  much  the  same  manner  as  a  cardiac  pacing 
wire  to  connect  the  transducer  to  an  external  electronic  unit.   Among  the 
quantities  that  are  available  and  are  displayed  on  a  bedside  unit  are  peak       ■ 
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and  average  blood  velocity  and  the  velocity  profile  across  the  aorta.   These 
parameters  have  never  before  been  available  for  study  in  this  setting  and  it 
is  believed  that  important  diagnostic  information  will  be  obtained  from  them. 
To  date,  satisfactory  clinical  testing  has  been  completed  on  ten  patients. 
Further  testing  is  planned. 

"Development  of  New  Assays  for  Enzymes  and  Inhibitors" 
GM  15821-06  (Olson)  Ohio  State  University 

Dr.  Olson  has  developed  general  electrochemical  methodology  to  measure  the 
activity  of  NADH  producing  enzyme  systems.   In  this,  the  differential 
amperometry  at  tubular  carbon  electrodes  in  flowing  streams  has  been  used. 
To  achieve  the  lowest  possible  signal  to  noise  ratio  for  the  amperometric 
measurements,  a  redox  mediating  dye  system  was  chosen  so  that  they  could 
be  carried  out  in  a  potential  region  located  between  where  the  oxidation 
of  normal  interferences  found  in  serum  and  the  reduction  of  oxygen  start. 

The  enzyme  system  used  in  this  study  was  Lactate  Dehydrogenase  (LDH) . 
Bindschedler's  Green  was  used  as  the  redox  mediator  and  electroactive  species. 

The  differential  method  cancels  normal  interferences  found  in  biological 
fluids.   The  results,  using  it,  were  compared  with  the  results  obtained 
by  the  Ohio  State  University  Clinical  Chemistry  Laboratory  using  the 
standard  Wroblewski  method  of  analysis.   It  was  shown  that  the  amperometric 
method  yields  reproducible  results  which  were  in  excellent  agreement  with 
results  obtained  using  the  Wroblewski  method.   It  was  also  found  that  the 
measurements  can  be  made  on  less  than  100  ul  of  human  serum  and  that  the 
instrumentation  is  simple  and  inexpensive. 

The  amperometric  method  has  the  advantages  of  the  lactate-to-pyruvate  method, 
that  is,  reaction  rates  are  linear  over  a  wide  range  of  activities  and  the 
reagents  are  less  expensive  and  more  stable.   For  example,  solutions  of  NADH, 
when  stored,  deteriorate  spontaneously  to  form  an  inhibitor  of  the  LDH  re- 
action.  This  method  has  the  additional  advantage  of  cycling  the  NADH  pro- 
duced which  prevents  the  reaction  from  quickly  coming  to  equilibrium.   The 
method  has  high  sensitivity,  is  specific  for  total  LDH  when  lactate  Is  present 
as  the  substrate,  and  can  be  successfully  applied  to  routine  serum  analysis 
for  serum  samples  of  100  y.1   or  less. 

"Analysis  of  Trace  Elements  in  Biological  Systems" 
GM  19905-03  (Morrison)  Cornell  University 

The  determination  of  sodium,  potassium,  and  calcium  in  human  blood  serum 
and  urine  is  of  considerable  importance  to  the  physician  as  he  assesses 
patients'  electrolyte  balance.   Hyponatremia  and  hypocalcemia  are  frequent 
findings  in  the  acutely  ill.   To  provide  helpful  information  to  the 
physician  in  these  cases,  speed,  accuracy  and  precision  in  the  performance 
of  such  determinations  are  critical  factors. 

The  clinical  methods  currently  in  use  for  the  determinations  of  sodium, 

potassium,  and  calcium  suffer  the  disadvantage  that  they  require  some 

form  of  sample  pretreatment  or  dilution.   Sample  pretreatment  can  adversely 


19 


affect  the  accuracy  of  these  measurements  through  contamination  of  the  sample 
from  reagents  or  glassware  and  also  by  the  degrading  of  precision  through 
unavoidable  manipulative  errors.   To  provide  the  desired  speed,  various  means 
of  automation  have  been  utilized,  some  of  which  are  quite  complicated  and 
prone  to  a  variety  of  mechanical  difficulties. 

Accordingly,  Dr.  Morrison  has  undertaken  the  development  of  a  new  flame 
spectrophotometric  system  capable  of  simultaneous  multielement  trace  analysis 
with  the  ultimate  goal  of  providing  rapid,  routine,  and  automated  methods  for 
medical  diagnosis.   To  date,  results  for  control  serum  and  clinical  samples 
indicate  a  level  of  accuracy  achieved  only  in  the  best  laboratories  by 
exerting  extreme  care  and  giving  minute  attention  to  the  details  of  analytic 
technique.   The  system  is  simple  to  operate,  possesses  no  mechanical  moving 
parts  and  should  be  reasonably  maintenance-free.   Since  the  analysis  is  direct 
and  requires  no  sample  manipulation,  some  potential  sources  of  error  are 
eliminated.   The  system  may  also  be  applied  to  the  analysis  of  electrolytes 
in  other  body  fluids,  such  as  urine,  by  using  appropriate  reference  materials 
to  standardize  and  calibrate  the  instrument. 

"Normal  Profile  Study" 

GM  17369-05  (Williams)  Institute  of  Health  Research,  San  Francisco,  Ca. 

Many  workers  have  shown  that  both  serum  and  plasma  thiocyanate  and  blood 
carboxyhemoglobin  concentrations  are  higher  in  smokers  than  in  nonsmokers 
and  that  either  determination  can  be  used  to  detect  whether  or  not  a  person 
is  smoking.   With  the  implication  of  cigarette  smoking  as  a  risk  factor  in 
lung  cancer,  emphysema,  and  coronary  heart  disease,  many  epidemiologic  studies 
include  programs  designed  to  encourage  participants  to  stop  smoking.   To 
accurately  evaluate  the  data  from  these  studies,  some  corroboration  is  needed 
of  the  participants  verbal  assurance  that  they  have  decreased  or  ceased  their 
smoking . 

Carboxyhemoglobin  has  a  half -life  of  approximately  four  hours,  so  that  its 
concentrations  in  blood  remain  elevated  for  a  relatively  short  time  after 
cessation  of  smoking.   In  contrast,  serum  or  plasma  thiocyanate  concentra- 
tions have  a  half -life  of  about  14  days  and  thus  can  provide  a  more  satis- 
factory indication  of  a  person's  smoking  habits  from  an  epidemiologic  point 
of  view.   For  application  to  the  large  number  of  specimens  in  an  epidemiologi- 
cal study  an  analytical  method  should  be  easily  automated  and  relatively 
inexpensive  to  perform. 

Accordingly,  Dr.  Williams  and  his  group  have  developed  an  automated  method 
for  determining  serum  thiocyanate  by  use  of  the  reaction  between  thiocyanate 
and  ferric  ions  to  form  a  colored  complex.   The  determination  is  run  on  the 
Auto  Analyzer  II.   Data  collected  show  that  this  method  easily  distinguishes 
cigarette  smokers  and  nonsmokers. 


« 
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CONTRACTS 


Fast  Clinical  Analyzers  (Interagency  Agreement  Y01  30002) 
Holifield  National  Laboratory  ($238,000) 

The  GeMSAEC  or  centrifugal  fast  analyzer  was  designed  to  perform  accurate 
and  rapid  analyses  on  blood  and  other  body  fluids.   The  prototype  model 
was  developed  under  an  interagency  agreement  between  NIGMS  and  the  AEC. 
The  instrument  is  basically  a  sophisticated  photometric  measuring  device 
which  has  as  its  major  component,  a  rotor  which  has  around  its  periphery 
a  series  of  cuvettes  through  which  the  measurements  are  accomplished. 

At  the  present  time,  reactions  are  started  simultaneously  in  all  cells  by 
centrifugal  force,  reagent  additions  are  made,  and  the  reaction  mixture 
forced  into  the  peripheral  cells  where  they  are  passed  under  a  stationary 
optical  monitor.   The  resulting  signals  from  each  cuvette  are  processed 
by  an  on-line  data  system.   The  combination  of  a  flexible  optical  system 
having  multiple  optical  configurations  with  newly  designed  rotors  has  pro- 
vided a  versatile  system  in  which  one  has  the  option  of  measuring  either  the 
transmission,  fluorescence,  chemiluminescence,  or  light-scattering  (either 
turbidimetrically  or  nephelometrically)  properties  of  the  ensuing  reactions, 
all  with  a  single  system.   This  flexibility  in  choosing  the  optical  mode 
in  which  a  particular  set  of  reactions  is  to  be  monitored  provides  the 
analyst  with  a  powerful  and  versatile  analytical  tool  with  which  to  develop 
new  methodologies  for  use  in  a  variety  of  clinical  laboratory  areas,  in- 
cluding chemistry,  toxicology,  immunology,  and  the  blood  bank. 

During  the  past  year,  an  extension  of  the  centrifugal  fast  analyzer  proce- 
dures to  include  blood  banking  has  been  most  encouraging.   The  development 
of  techniques  for  blood  grouping,  Coombs'  testing,  and  a  contemplated  ex- 
tension of  these  developments  to  include  reverse  typing  and  cross  matching 
will  be  a  most  welcome  and  important  addition  to  the  blood  bank.   The  fact 
that  each  specimen  is  handled  discretely  in  its  own  cuvette  eliminates  cross 
contamination  between  samples  and  the  requirement  for  only  minute  blood 
samples  will  allow  these  procedures  to  be  applied  to  adults  and  new  borns 
with  equal  ease. 

Another  goal  frequently  mentioned  with  regard  to  clinical  laboratory 
analyses  is  an  ability  to  make  analyses  at  the  bedside.   A  portable  version 
of  the  centrifugal  fast  analyzer  may  prove  to  be  such  an  instrument  or  at 
least  a  forerunner. 

Advanced  Analytical  Techniques  for  the  Clinical  Laboratory 
(Interagency  Agreement  Y01  30001) 
Holifield  National  Laboratory  ($85,000) 

This  agreement  provides  support  for  two  related  studies  aimed  at  the  further 
development  of  advanced  clinical  laboratory  techniques.   It.  Is  a  natural 
extension  of  previous  work  supported  by  the  Institute  on  high  resolution 
chromatography  and  fast  centrifugal  analyzers. 

During  the  past  year,  the  work  has  centered  on  an  elution  electrophoresis 
system  which  utilizes  a  porous  packed  separation  column  and  continuous 
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photometric  monitoring  and  may  be  capable  of  automated,  high-resolution 
electrophoretic  analysis  of  serum  and  other  protein  mixtures  with 
essentially  no  manual  labor  required.   Column  elution  through  the  flow 
monitors  can  be  carried  out  subsequent  to  or  during  the  electrophoretic 
separation.   A  prototype  of  such  a  system  has  a  cooled,  3-mm-diam  x  40-cm- 
long  horizontal  column  packed  with  polyacrylamide  beads.   Samples  are  in- 
troduced by  means  of  a  micro syringe  through  a  septum  at  the  column  mid- 
point.  A  flow  micro  uv  photometer  or  colorimeter  is  used  for  monitoring 
the  eluate.   Preliminary  results  show  that  the  system,  operating  at  1200  V, 
separates  and  detects  more  than  12  protein  bands  from  less  than  10  jil  of 
a  serum  sample  with  only  30  minutes  of  electrophoresis.   Three  to  five 
hemoglobin  bands  can  also  be  separated  and  quantitated  form  a  10  ul 
sample  of  lysed  red  blood  cells.   Isoenzymes  can  be  separated  and  detected 
by  continuous  gradient  elution  and  colorimetry. 

3.  Automated  Latex  Agglutination  Techniques  for  the  Rapid  Diagnosis 
of  Viral  Diseases  (1  GM  3-2104) 

Organon  Diagnostics,  Inc.  ($260,156) 

This  project  is  designed  to  carry  out  intensive  studies  for  the  purpose  of 
establishing  the  applicability  of  a  latex  agglutination  approach  for  the 
diagnosis  of  acute  upper  respiratory  disease  and  to  develop  criteria  for 
a  clinical  laboratory  instrument  that  could  process  the  material  automa- 
tically.  After  comparative  studies,  a  radioimmunoassay  technique  was 
chosen  for  automation.   Organon  has  also  developed  reagents  and  methods 
for  the  detection  of  specific  viruses.   These  methods  involve  coating 
latex  beads  with  a  specific  antibody  and  then  detecting  the  virus  by  its 
agglutination  of  the  beads,  using  centrifugation  of  the  beads  as  a  means 
of  separation. 

4.  DOLSIS:   Demonatration  of  a  Laboratory  Sample  Identification  System 
(NIH-N01  GM  2-2107) 

Georgetown  University  School  of  Medicine  ($143,000) 

and 

5.  DOLSIS:   Demonstration  of  a  Laboratory  Sample  Identification  System 
(NIH  N01  GM  2-2100) 

American  Science  and  Engineering  Corporation  ($372,686) 

A  major  problem  in  the  clinical  laboratory  has  long  been  the  unequivocal 
identification  of  blood  samples  with  the  specific  patient  from  whom  they 
were  obtained.  Currently,  blood  samples  are  placed  in  tubes  and  identi- 
fication is  effected  by  either  writing  on  the  tube  with  a  wax  pencil  or 
by  pasting  a  label  on  the  tube.  During  routine  laboratory  handling,  the 
wax  markings  may  be  smudged  beyond  legibility  or  blood  spills  down  the 
side  of  the  tube  effacing  the  writing. 

This  project  is  designed  to  fulfill  the  need  in  the  clinical  laboratory 
analysis  for  an  unambiguous,  reliable,  and  automated  linkage  between  the 
patient,  the  test  request,  the  samples,  the  analytical  result,  and  the 
laboratory  report.   In  addition,  it  is  hoped  that  the  process  will  be 
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compatable  with  and  extensible  to  other  components  of  the  health  delivery 
system,  such  as  the  provision  and  recording  of  blood,  drug,  diet,  and 
other  services. 

The  feasibility  of  success  here  has  been  demonstrated  by  the  development 
of  a  system  of  bar  coded  patient  wrist  bracelet  identification  and  an 
automated  capability  to  read,  record,  link,  and  transfer  this  information 
along  the  path  to  the  origination  of  the  service  request. 

13    12 
The  Development  of  a   C0?/  CO^  Ratio  Analyzer  Using  a  Nondispersive 

Infrared  Heterodyne  Technique   (N01  GM  5-2124) 

Andros  Incorporated  ($149,486) 

The  purpose  of  this  project  is  to  fabricate,  test,  and  clinically  evaluate 
an  instrument  to  accurately  measure  the   C0„/  C0_  ratio  in  expired  breath. 

The  prototype  instrument,  a  nondispersive  infra-red  analyser,  which  depends 
for  its  sensitivity  and  specificity  on  the  herterodyne  principle,  will 
provide  a  capacity  to  monitor  in  vivo  the  metabolism  of   C-labelled  com- 
pounds by  examination  of  expired  air.   Since   C  is  a  stable  nuclide,  the 
risks  attendent  on  radioisotopes  are  very  much  reduced. 

Proof  of  the  heterodyne  principle  has  been  established  by  prior  efforts. 
The  present  contract  includes  four  phases :   (1)  miniaturization  of  the 
present  prototype  instrument,  (2)  increase  in  sensitivity  by  an  order  of 
magnitude,  (3)  testing  and  calibration  of  the  instrument,  and  (4)  clinical 
evaluation  at  the  Dominican  Hospital  in  Santa  Cruz,  California. 

With  the  development  of  this  instrument  to  measure  the  intermediary 
products  of  metabolic  processes,  new  information  will  be  provided  about 
how  drugs  and  other  compounds  are  handled  and  broken  down  in  the  human 
body. 

Standard  Reference  Materials  for  Clinical  Chemistry  -  Spectrofluorimetry 
Standards   (Interagency  Agreement) 
National  Bureau  of  Standards  ($8,333  FY  75) 

The  orderly  development  of  fluorescence  techniques,  both  for  clinical 
chemistry  and  for  biomedical  research  is  currently  severly  hampered  by 
the  lack  of  appropriate  standard  reference  materials  and  standardized 
measurements  of  fluorescence  units.   As  an  example  of  this  problem, 
fluorescence  measurements  reported  from  one  laboratory  frequently  differ 
markedly  from  those  obtained  from  another  laboratory.   The  problem  in 
identifying  separated  cells  or  in  screening  cells  for  cytopathologic 
diagnosis  based  on  fluorescence  characteristics  is  the  lack  of  reproduci- 
bility of  measurement. 

By  employing  a  versatile,  modular  spectrof luorophotometer  especially 
designed  for  absolute  measurements,  it  is  now  possible  to  investigate 
all  the  conceivable  factors  that  may  affect  the  accuracy  of  spectro- 
f luorometric  measurements . 
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The  National  Bureau  of  Standards  will  develop,  maintain,  and  disseminate 
fluorescence  standards  as  well  as  the  criteria  and  cautions  that  must 
accompany  their  use. 

Standard  Reference  Materials  for  the  Clinical  Laboratory 

(Interagency  Agreement  Y01  GM-30005) 

National  Bureau  of  Standards  ($62,500  -  three  months  phase  out) 

This  project  supported  the  development  of  standard  reference  materials 
(SRM's)  for  the  clinical  laboratory.   Over  the  past  five  years,  the 
program  has  been  successful  and  has  produced  some  20  SEMs  that  are 
used  in  clinical  laboratories  throughout  the  country. 

SRM's  are  used  in  laboratories  to  improve  the  accuracy  of  measurement 
in  clinical  chemistry  tests  by  providing  baseline  standards  for  calibration 
of  instruments  and  methods.   Two  such  standards,  for  example,  have  greatly 
improved  the  accuracy  and  reliability  of  determinations  for  triglycerides 
and  cholesterol  in  blood.   These  determinations  are  used  to  make  diagnostic 
and  therapeutic  decisions  in  cases  involving  heart  and  blood  vessel  disease. 
By  using  a  recently  defined  calcium  standard  reference  material,  the 
National  Bureau  of  Standards  in  cooperation  with  a  panel  of  expert  clinical 
chemists  have  developed  a  referee  method  for  calcium  analysis  that  assures 
values  to  within  two  percent  of  the  true  value.   Such  measurements  of 
calcium  are  important  in  the  diagnosis  of  parathyroid  tumors. 
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Appendix 
ULTRASOUND 
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SUPPORT  OF  RESEARCH  ON  ULTRASOUND  BY  NIGMS 

Ultrasonic  techniques  are  becoming  increasingly  important  in  medicine,  for 
both  diagnostic  and  therapeutic  purposes.   Although  ultrasound  has  been 
used  in  medicine  since  the  1930 ' s  it  is  only  recently  that  these  techniques 
have  become  widely  used  and  their  potential  fully  recognized.   In  its  early 
stages  of  development,  it  was  possible  to  obtain  only  cross-sectional  type 
images  of  internal  body  structures.   In  the  past  few  years,  however,  instru- 
ments have  been  developed  providing  true-focused,  orthographic  images  of 
internal  body  structures,  comparable  to  those  obtained  with  X-rays,  making 
ultrasound  potentially  much  more  useful  for  diagnostic  purposes.   These  newer 
developments  have  brought  about  a  period  of  very  rapid  growth  in  medical 
ultrasonics,  and  the  field  is  probably  now  on  the  verge  of  making  a  signifi- 
cant impact  on  clinical  medicine. 

The  National  Institute  of  General  Medical  Sciences  has  been  supporting  work 
on  ultrasound  from  its  very  inception  as  the  Division  of  General  Medical 
Sciences  in  1958.   One  of  the  earliest  programs  funded  by  DGMS,  at  Johns 
Hopkins  University,  involved  studies  on  the  biological  effects  of  ultrasound 
and  its  application  for  the  visualization  of  internal  organs.   Another  study, 
on  the  development  of  an  ultrasound  visualization  system  for  clinical  use, 
has  been  ongoing  at  Northwestern  University  since  1961,  under  Dr.  John  Jacobs. 
This  work  has  led  to  significant  developments  for  the  application  of  Sokoloff 
tube  ultrasonic  imaging  in  clinical  medicine.   When  NIGMS  came  into  being  in 
1963,  its  enabling  legislation  empowered  it  to  bring  mathematics,  the  physical 
sciences,  and  engineering  to  bear  on  biomedical  research  and  training.   Ultra- 
sound has  continued  to  occupy  an  important  place  in  the  Institute's  Biomedical 
Engineering  Program  since  then. 

The  support  of  research  on  ultrasound  by  NIGMS  can  be  divided  into  three 
categories: 

1.  Interaction  of  Ultrasonic  Energy  with  Biological  Structures 

Although  ultrasound  is  generally  considered  safe  for 
use  diagnostically  at  the  levels  of  intensity  currently 
employed,  this  has  by  no  means  been  definitely  estab- 
lished.  The  Institute  therefore  supports  studies 
trying  to  uncover  the  effects  of  ultrasound  on  cells 
and  tissues,  in  order  to  establish  more  firmly  levels 
safe  for  clinical  use.   Work  is  also  supported  study- 
ing the  changes  effected  in  signals  received  on  re- 
flection or  transmission  of  ultrasonic  waves  by  tissues,  in 
order  to  extend  the  capability  for  determining  the  structure 
of  internal  organs  by  ultrasound  and  the  tissue  changes 
induced  by  disease. 

2.  Development  of  Ultrasonic  Imaging  Systems 

The  Institute  has  been  supporting  work  in  this  area  for  a 
number  of  years.   Of  particular  interest  has  been  the 
recent  development  of  an  ultrasonic  camera,  providing 
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orthographic  images  of  internal  body  structures,  at 
Stanford  Research  Institute.   Another  outstanding  accom- 
plishment has  been  the  application  of  integrated  circuit 
technology  for  the  development  of  an  ultrasonic  imaging 
system  at  Stanford  University.   This  system  will  soon 
be  ready  for  feasibility  studies  to  evaluate  its  effi- 
cacy in  a  clinical  environment. 

3.   Clinical  Evaluation  of  Ultrasonic  Imaging  Systems 

The  Institute  also  provides  support  for  evaluation  of  the 
clinical  usefulness  of  ultrasonic  devices .   It  is  hoped 
that  such  evaluation  will  help  bring  about  more  rapid 
introduction  of  useful  ultrasonic  imaging  systems  in 
clinical  medicine. 

The  attached  table  shows  projects  currently  being  supported  by  NIGMS  in 
ultrasound.   The  Institute  has  strong  interest  in  medical  ultrasound  and 
will  remain  alert  to  new  opportunities  for  supporting  worthwhile  research 
in  this  area. 


» 
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SUPPORT  OF  RESEARCH  ON  ULTRASOUND  BY  NIGMS 


Grant  Number,  Principal  Investigator,  &  Institution 


Current  Rate  of 
Funding  (D.C.) 


Interaction  of  Ultrasonic  Energy  with  Biological  Structures 

1.  GM  08209-11  (Nyborg)  University  of  Vermont 

Biophysical  Basis  for  Thresholds  in  Bio-Ultrasound      $  46,000 

2.  GM  09933-12  (Carstensen)  University  of  Rochester 

Ultrasonic  and  Dielectric  Studies  of  Biomaterial  37,889 

3.  GM  12281-11  (Dunn)  University  of  Illinois 

Ultrasonic  Absorption  by  Biological  Materials  35,550 

4.  GM  16436-07  (Rushmer)  University  of  Washington 

Center  for  Bioengineering  24,471* 

5.  GM  19706-02  (Lele)  M.I.T. 

Effects  of  Ultrasound  on  Cell  Growth  and  Division         34,825 

6.  GM  20661-02  (Sikov)  Battelle-Northwest 

Effect  of  Exposure  of  the  Prenatal  Rat  to  Ultrasound       34,500 

7.  GM  22338-01  (Greenfield)  University  of  Calif.,  Los  Angeles 

In  Vivo  Bone  Study:  Using  Ultrasound,  Photon  Absorption   20,139 

Development  of  Ultrasonic  Imaging  Systems 

1.  GM  08522-13  (Jacobs)  Northwestern  University 

Imaging  Systems  for  Biological  Organisms  32,896 

2.  GM  16474-06  (Wade)  University  of  Calif.,  Santa  Barbara 
Acoustical-Optical  Interaction  for  Image  Reconstruction    23,600 

3.  GM  18780-03  (Green)  Stanford  Research  Institute 

Ultrasonic  Camera  for  Soft  Tissue  Imaging — Part  A         60,000 

4.  GM  17940-05  (Meindl)  Stanford  University 

Center  for  Integrated  Electronics  in  Medicine  358,111* 

5.  GM  20226-02  (Lambert)  University  of  Vermont 

Magnetosonic  Image  Converter  13,078 
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„     „  ,  Current  Rate  of 

Grant  Number,  Principal  Investigator,  &  Institution  Funding  (D.C.) 

Clinical  Evaluation  of  Ultrasonic  Imaging  Systems 

1.  GM  20774-02  (Zatz)  Stanford  University 

Ultrasonic  Camera  for  Soft  Tissue  Imaging:   Part  B  $    20,827 

2.  GM  20834-01  (0'Loughlin)  University  of  Calif.,  Irvine 
Acoustical  Holography  Medical  Imaging  40,000 

Total  Current  Funding  (D.C.)        781,886 
Indirect  Costs  (38%)  297,116 

Total  Funding  $  1,079,002 


*Amount  of  total  grant  funds  devoted  to  ultrasound 
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CELLULAR  AND  MOLECULAR  BASIS  OF  DISEASE 
SCOPE 

The  Cellular  and  Molecular  Basis  of  Disease  (CMBD)  Program  provides  a  central 
point  within  NIH  to  which  scientists  conducting  cellular  and  molecular 
research  can  turn  for  program  support  in  the  search  for  a  deeper  understand- 
ing of  disease.   Disease  may  be  characterized  as  a  disturbance  of  normal 
function  of  any  organ  system,  or  component  thereof,  in  the  body.   Since  the 
cell  is  the  basic  structural  and  functional  unit  of  all  living  systems,  all 
forms  and  manifestations  of  disease  must  ultimately  be  described  in  terms  of 
the  altered  structure  and  function  of  the  cell.   For  this  reason  the  program 
on  the  Cellular  Basis  of  Disease  was  initiated  in  FY  72  to  give  focus  and 
support  for  a  broad  multidisciplinary  effort  dedicated  to  research  in  the 
cell  sciences.   Because  of  the  importance  of  molecular  research  to  this 
activity,   its  title  was  changed  to  Cellular  and  Molecular  Basis  of  Disease 
in  FY  73.   This  program  complements,  and  is  complemented  by,  the  closely 
related  program  in  Genetics  which  covers  those  aspects  of  molecular,  cellular 
and  human  biology  related  to  the  process  of  heredity.   The  two  programs 
together  constitute  the  major  segment  of  the  basic  sciences  supported  by  this 
Institute  in  its  primary  goal  of  acquiring  basic  knowledge  which  will  have 
significance  to  the  programs  of  all  of  the  categorical  Institutes. 

The  first  annual  report  in  1972  presented  a  brief  historical  survey  of  the 
development  of  cell  biology  and  of  some  of  the  fascinating  discoveries  of 
cellular  organelles  that  have  been  published  in  the  past  quarter  century. 
The  annual  report  in  1973  examined  the  area  of  bioenergetics  because  of  the 
importance  of  energy  transformation  to  all  of  the  activities  of  the  cell  and, 
indeed,  to  all  living  systems.   The  annual  report  for  FY  74  was  more  adminis- 
trative in  nature,  stressing  the  reorganization  of  the  CMBD  program,  the 
development  of  Molecular  Pathology  Centers,  and  the  Weinberger  Fellowship 
Program,  and  then  concentrating  on  a  selection  of  specific  research  high- 
lights.  This  year's  report  continues  in  the  same  vein. 


OBJECTIVES 

The  Cellular  and  Molecular  Basis  of  Disease  Program  provides  grant  support  to 
scientists  performing  a  wide  range  of  investigations  on  the  structure  and 
function  of  cells,  subcellular  organelles,  the  cell  membrane  system  and 
their  molecular  constituents,  and  on  the  altered  molecular  events  which  occur 
within  diseased  cells.   The  program's  principal  objective  is  to  maintain  a 
broad  portfolio  of  research  grant  activities  ranging  from  investigations  on 
the  structure  of  cellular  water  and  the  physical-chemical  properties  of 
macromolecules  and  enzymes  to  the  detailed  fine-structure  of  cell  organelles 
and  behavior  of  living  cells.   Support  is  provided  for  research  on  model  cell 
systems  that  range  from  microorganisms,  some  plants,  lower  animals,  and  verte- 
brates to  man  in  order  to  obtain  a  broad  knowledge  of  the  characteristics  and 
properties  of  such  systems  that  are  important  to  an  understanding  of 
disease  in  man.   The  program  also  encourages  the  development  of  new  methods 
and  instrumentation  of  broad  applicability  to  the  study  of  these  cellular 
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and  molecular  systems,  which  ultimately  may  become  useful  in  diagnostic 
procedures  in  the  practice  of  medicine.   Emphasis  also  is  given  to  the 
rapid  dissemination  of  these  research  results  through  publications,  workshops, 
conferences,  and  international  meetings  for  cellular  and  molecular  scientists 
and  related  clinical  investigators.  Concomitant  with  these  long  range 
objectives,  the  CMBD  Program  fosters  and  supports  the  research  training  of 
highly  selected  young  scientists  in  cellular  and  molecular  science.   This 
includes  training  in  the  newly  developing  area  of  molecular  pathology  so  as 
to  provide  pathologists  with  the  tools  and  knowledge  needed  for  fundamental 
cellular  and  molecular  research  on  the  causes  and  mechanisms  of  disease. 

RESEARCH 

To  carry  out  these  objectives  the  CMBD  Program  has  been  organized  into  sub- 
program areas  to  give  administrative  recognition  and  identity  to  important 
areas  of  current  cell  research.   The  objectives  of  these  subprograms  are  as 
follows: 


1.  Pathobiology 

Support  is  given  for  integrative  research  projects  and  centers  on  molecular 
and  cellular  phenomena  and  their  relationship  to  the  sequence  of  pathological 
events  occurring  in  a  wide  variety  of  disease  states. 

2.  Cell  Structure  and  Dynamics 

Research  is  supported  to  study  changes  in  cell  structure  as  they  relate  to 
the  cell  life  cycle,  cell  division,  cellular  motility,  chemotaxis,  and  the 
interactions  between  cells;  the  formation  of  microtubules  and  other  cell 
organelles  and  their  relationship  to  cell  structure  and  function;  the 
regulation  and  coordination  of  events  within  cells,  including  cellular 
differentiation  and  specialization  during  morphogenesis  and  development; 
development  of  electron  microscopy  and  of  new  techniques  for  the  study  of 
living  cells . 

3.  Membrane  Structure  and  Function 

This  section  supports  research  concerning  the  structure  of  membranes  and  their 
function  in  selectively  transporting  biochemical  substances  from  one  compart- 
ment to  another  within  the  cell;  membranous  organelles  including  the  endo- 
plasmic reticulum,  Golgi  apparatus,  and  lysosomes;  membrane  immunology;  sites 
of  membrane  biogenesis  and  their  relationship  to  the  total  membrane  system  of 
the  cell. 

4.  Enzyme  Catalysis  and  Regulation 

Studies  are  encouraged  concerning  the  nature  of  the  active  site  of  enzymes 
in  relationship  to  their  catalytic  activity;  the  chemical  nature  and  role  of 
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biochemical  intermediates  produced  in  the  catalytic  process;  the  regulation, 
control,  and  coordination  of  biochemical  events  within  cells;  bioenergetics. 

5.  Proteins  and  Macromolecules 

Research  projects  are  related  to  the  detailed  structure  and  changes  in 
structure  of  proteins  and  other  macromolecules,  and  their  relationshop  to 
disease;  their  changes  in  structure  and  conformation  during  enzyme  activity, 
and  their  role  as  components  of  membranes  and  organelles. 

6.  Biomolecular  Models  and  Mechanisms 

Theoretical  and  experimental  research  is  supported  on  biomolecular  models  and 
mechanisms  important  to  biomedical  research,  such  as  physical  and  chemical 
models  of  catalysis,  including  biochemical  intermediates;  models  of  the 
physical  structure  of  ions  and  water  and  their  implications  for  life 
processes;  and  theoretical  and  mathematical  models  of  cell  dynamics. 

In  summary,  during  FY  '75  this  program  sponsored  571  research  grants,  including 
6  program  projects;  9  awards  for  research  conferences  on  proteins  and 
proteases,  microtubules  and  motility,  and  membranes;  and  one  Molecular 
Pathology  Center.   In  addition,   91  career  development  and  12  career  awards 
totaling  approximately  $2.5  million  were  supported  in  the  above  program 
areas.   Expenditures  for  research  projects  totalled  $34.2  million  overall  as 
of  June  1975.  As  was  true  last  year,  approximately  60%  of  the  program  is 
represented  by  research  on  projects  concerning  molecular  biology  and  40%  by 
research  on  the  cellular  basis  of  disease. 

MANPOWER 

Until  the  passage  of  the  National  Research  Service  Act  (PL  93-348) ,  NIGMS 
research  programs  were  conducted  under  PL  78-410.   A  summary  of  NIGMS   train- 
ing activities  for  FY  75  has  been  presented  in  the  Director's  Report. 
Summarized  briefly  here  are  the  issues  which  were  examined  in  establishing 
the  training  areas  in  which  the  CMBD  program  should  sponsor  pre-  and 
postdoctoral  institutional  and  individual  awards  under  the  National  Research 
Service  Act  (PL  93-348) .   It  seemed  apparent  to  the  CMBD  staff  that  the 
greatest  need  at  this  time  is  for  scientists  who  have  cross-disciplinary 
training  that  breaks  barriers  between  existing  scientific  disciplines  and 
enables  them  to  use  the  concepts  and  techniques  of  one  area  to  solve  problems 
in  another.   Since  realistically  we  can  no  longer  draw  sharp  lines  between 
cell  biology,  molecular  biology,  biochemistry,  molecular  genetics,  bio- 
physics, microbiology,  and  cell  physiology,  it  was  decided  to  develop  a 
program  which  gives  young  scientists  a  broader  insight  into  the  various 
opportunities  for  research  that  lie  within  the  full  range  of  the  cellular  and 
molecular  sciences.   Institutions  were  therefore  invited  to  submit  applica- 
tions that  involved  interdisciplinary,  interdepartmental  cooperation  in  the 
development  of  programs  which  would  cross  discipline  lines  and  give  access 
to  the  full  range  of  opportunities  in  cellular  and  molecular  science  which 
are  available  within  each  applicant  institution.   Under  these  guidelines 
each  young  scientist  in  his  early  years  would  have  a  broader  range  from  which 
to  select  appropriate  course  work,  contact  with  a  greater  array  of  cellular 
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and  molecular  scientists,  and  an  access  to  a  wider  range  of  departments 
and  faculty  members  in  selecting  an  area  for  thesis  research.   Thesis 
research  might  involve  a  single  research  area  in  one  department,  or  might 
involve  a  cooperative  effort  between  two  departments  or  research  areas.   In 
either  case,  the  student  should  gain  a  breadth  of  knowledge  in  related  fields. 
The  essence  of  the  training  program  is  tc  provide  the  trainees  greater 
freedom  and  opportunity  to  select  and  develop  their  own  research  capabilities. 

The  advantages  of  this  approach  are  several : 

1.  In  general,  the  announcement  calls  for  funding  only  one  grant  per 
institution  in  a  given  training  area  (although  exceptions  may  be  justified), 
whereas  in  the  past  the  Institute  might  have  funded  one  or  more  grants  in 
each  discipline  in  scientifically  closely  related  departments.   Thus,  the 
new  program  is  based  on  the  rationale  of  support  of  training  in  broad,  bio- 
medical research  areas  which  do  not  necessarily  coincide  with  the  traditional 
organizational  structure. 

2.  As  competition  for  funds  becomes  greater,  it  is  important  that  fellow- 
ship support  reaches  the  most  highly  qualified  candidates  within  an  institu- 
tion.  Since  the  area  for  a  given  grant  has  been  greatly  broadened,  candidates 
from  more  than  a  single  academic  department  can  now  compete  for  the  limited 
funds  available  through  these  grants.   It  is  expected  that  the  quality  of 
trainees  on  these  grants  will  be  maintained  at  the  highest  level. 

3.  As  institutions  compete  for  a  lesser  amount  of  funds,  it  is  important 
that  as  many  institutions  and  as  many  of  the  scientists  who  have  the 
strongest  training  capabilities  within  these  institutions  be  kept  in 
competition.   This  is  more  easily  achieved  through  multidepartmental,  multi- 
disciplinary  involvement  in  that  it  enables  institutions  to  select  the  best 
faculty  from  a  broader  range  of  departments  than  was  possible  under  the 
departmental  format. 

The  disadvantage  of  this  approach  is  that  most  institutions  more  easily 
adapt  to  the  administration  of  grants  made  through  single  departments.   While 
scientists  in  many  institutions  like  the  new  interdisciplinary  effort  that 
is  being  made,  some  institutions  find  it  very  difficult  to  obtain  the  degree 
of  cooperation  among  departments  that  is  required  under  the  new  system.   For 
this  reason  a  few  institutions  with  very  strong  science  departments  thus  far 
have  not  submitted  applications  that  were  successful  in  the  competition. 
While  this  is  unfortunate  we  feel  that  the  basic  thrust  of  the  program  is 
sound  and  that  institutions  will  adapt  successfully  to  the  new  program. 
Therefore,  this  approach  will  be  continued  until  recommendations  of  the 
National  Academy  of  Sciences  are  received,  or  experience  suggests  a  better 
approach. 

Summary  of  Total  CMBD  Research  and  Training  FY' 75 
(Dollars  in  Thousands) 
Research  Grants  $34,212 

Research  Career  Program  2,466 

Research  Training  (See  Director's  Report)  25,738 

Total  Program  $62*416 
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RESEARCH  HIGHLIGHTS 

Presented  below  are  examples  of  recent  accomplishments  of  representative 
research  projects  being  funded  through  the  CMBD  Program  which  show  the 
range  and  types  of  activities  currently  under  support. 

1.   "Genetic  Dissection  of  Cilia  and  Membranes" 

GM  19406  (Kung)  University  of  California,  Santa  Barbara 

Dr.  Ching  Kungi'  and  his  collaborators  at  the  University  of  California, 
Santa  Barbara  are  conducting  investigations  on  tiny  hair-like  projections 
from  cells, called  cilia,  which  are  similar  to  those  found  on  cells 
lining  the  respiratory  tract  which  move  rhythmically  to  sweep  out  dust 
particles  that  are  inhaled.   Cigarette  smoke  disrupts  the  normal 
function  of  these  cells,  leading  to  their  replacement  by  non-ciliated 
cells.   Infants  born  with  a  hereditary  defect  called  cystic  fibrosis 
have  an  impaired  action  of  these  cilia  from  an  unknown  cause.   Funda- 
mental research  on  cilia  hopefully  will  develop  new  knowledte  that  may 
lead  to  a  better  understanding  of  this  hereditary  disease. 

Many  cilia  also  participate  in  sensory  functions.   For  example,  they  are 
found  in  the  inner  ear  where  they  have  a  critical  role  in  hearing  and 
in  the  sense  of  balance.   They  are  found  in  the  nose  (olfactory 
epithelium)  where  they  protrude  through  the  mucus  and  apparently  receive 
chemical  stimuli.   The  rods  and  cones  of  the  eye  also  have  been  shown 
to  be  modified  cilia.   Thus  cilia  are  vitally  important  to  many  of 
man's  most  important  sensory  functions. 

Scientists  in  the  last  few  years  have  become  intrigued  as  to  the  role 
cilia  play  in  generating  nerve  impulses  that  allow  us  to  see,  hear, 
smell,  and  have  a  sense  of  balance.   Dr.  Kung  and  his  collaborators 
have  been  studying  primitive  one-celled  organisms,  called  paramecia, 
that  are  covered  with  cilia  which  move  in  rhythm  for  swimming  and  for 
ingestion  of  food.   Like  bacteria  these  tiny  organisms  can  be  irradiated 
or  treated  with  chemicals  to  induce  higher  rates  of  mutation.   By  use 
N-methyl-N-nitro-N-Nitroguanidine  Dr.  Kung  and  his  colleague,  Dr.  Chang, 
have  obtained  over  170  mutant  lines  of  P_.  aurelia  with  behavioral 
abnormalities  that  are  indicative  of  membrane  and  ciliary  malfunctions. 
Of  particular  interest  is  the  point  that  these  ptotozoa  undergo  almost 
unique  nuclear  reorganization  by  a  process  called  autogamy  which  leads 
to  the  union  of  identical  haploid  nuclei,  so  that  these  lines  are  almost 
completely  homozygous,  thus  simplifying  and  facilitating  genetic 
analysis.   These  organisms  also  are  valuable  because  pure  clones  of  a 
given  Paramecium  can  be  grown  rapidly  in  media  of  essentially  known 
composition,  to  develop  a  whole  culture  of  organisms  which  are  the 
homozygous  offspring  of  a  single  organism.   To  screen  out  the  desired 
mutants,  the  chemically  treated  paramecia  are  placed  at  the  bottom  of  a 
column  of  salt  solution  containing  sodium,  potassium,  or  barium  ions 
in  high  concentration.   Whereas  "wild"  type  organisms  will  not  swim  up 
through  these  highly  concentrated  salt  solution,  ion- insensitive  mutants 
will  swim  toward  the  surface  where  they  can  be  harvested  and  isolated 

1/  Now  at  the  University  of  Wisconsin  (GM  22714) 
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for  further  study. 

Investigations  of  membrane  polarization  and  depolarization,  which 
normally  occur  rhythmically  in  these  paramecia  have  been  extended  to 
three  lines  of  mutants: 

1)   "Pawns"  which  are  characterized  by  their  inability  to  reverse 
their  ciliary  beat  and  swim  backward  to  avoid  a  high  concentration  of 
sodium  or  barium  ions.   This  behavioral  deficiency  was  found  to  be 
correlated  with  a  loss  of  membrane  excitation.   Kung  and  Eckard  have 
found  that  "Pawns"  are  not  capable  of  generating  an  electrical  impulse 
due  to  impairment  of  the  molecular  mechanism  for  voltage-sensitive 
calcium-conductance  changes.   Evidence  is  presented  that  the  calcium 
gate  is  still  in  existence  but  that  the  voltage  sensitivity  was  greatly 
scaled  down  so  that  depolarization  is  no  longer  regenerative. 

2)  The  "Fast-2"  mutant  has  an  accelerated  forward  movement  and  an 
insensitivity  to  sodium  stimulation.   The  "Fast-2"  mutant's  lack  of 
response  to  sodium  ion  can  be  viewed  as  a  mutational  blockage  of  the 
normal  depolarization  process.   This  results  in  the  total  loss  of  de- 
polarization with  specific  loss  of  chemotactic  reastions  against  sodium. 

3)  The  "Paranoiacs"  which  show  a  violent  overreaction  to  sodium  ions, 
but  not  to  other  ions,  appear  to  have  a  genetic  block  in  the  normal 
processes  involved  in  repolarization  of  the  membrane. 

These  investigators  plan  to  attempt  isolation  of  the  specific  proteins 
involved  in  the  biochemical  processes  that  lead  to  the  initiation  of  the 
electrical  impulse  that  passes  through  the  membrane  and  causes  rhythmic 
beating  of  the  cilia.   Because  of  the  importance  of  cilia  in  the 
evolution  of  the  transducers  by  which  man  conducts  many  of  his  sensory 
functions,  this  fundamental  research  obviously  has  importance  to  the 
neurosciences  as  well  as  to  a  possible  understanding  of  hereditary 
defects  that  lead  to  cystic  fibrosis  and  other  genetic  diseases 
involving  cilia. 

"Formation  of  Gap  Junctions  Between  Cells" 
GM  06965  (Revel)  California  Institute  of  Technology 

The  score  of  years  that  have  elapsed  since  the  broad  application  of  the 
electron  microscope  to  biological  research  have  seen  numerous  studies 
of  the  connections  or  junctions  that  occur  between  adjacent  cells. 
These  include  the  so-called  "tight  junctions"  that  appear  to  provide 
primarily  structural  adhesion,  the  intercellular  bridges  that  appear  to 
allow  free  flow  of  substances  from  one  cell  to  the  other,  the  "gap 
junctions"  that  appear  to  connect  two  cells  through  a  semipermeable 
membrane  of  low  electrical  resistance,  and  the  highly  complex  synapses 
that  are  found  in  nerve  endings.   Of  these  various  connections  between 
cells  the  "gap  junctions"  have  recently  attracted  a  great  deal  of 
attention  because  of  their  possible  relationship  to  contact  inhibition, 
a  process  which  occurs  when  cells  growing  in  culture  come  in  contact 
with  each  other  and  stop  their  movement.   Revel  and  his  colleagues  at 
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the  California  Institute  of  Technology  have  recently  undertaken  a 
detailed  study  of  the  formation  of  "gap  junctions",  using  freeze 
cleavage  techniques.   Novikoff  hepatoma  cells  were  dissociated  with 
EDTA  and  then  were  allowed  to  reaggregate  in  the  presence  of  calcium 
ion  at  37°.   The  earliest  electron  microscopic  evidence  for  the  genesis 
of  new  "gap  junctions"  is  the  appearance  of  flattened  regions  of  the 
cell  membrane  with  the  appearance  of  small  intramembranous  particles, 
9-11  nanometers  (nm)  in  diameter   in  loosely  organized  groups  which  are 
seen  on  the  inner  face  of  the  fractured  plasma  membrane,  while  corres- 
ponding pits  are  observed  on  the  outer  membrane  face.   These  specialized 
membrane  regions  that  have  been  termed  "formation  plaques"  were  observed 
as  early  as  5  minutes  after  the  reaggregation  process  was  initiated  and 
become  quite  numerous  by  30  minutes.   After  60  minutes  the  particles 
were  closely  packed  and  highly  organized  in  their  arrangement  with 
hexagonally  arranged  pits  being  observed  on  the  outer  face  of  the 
plasma  membrane.   These  closely  packed  aggregates  are  indistinguishable 
from  small  "gap  junctions"  and  they  continue  to  enlarge  in  the  sub- 
sequent 2  hour  period  as  the  number  of  unaggregated  particles  declines. 
Electric  coupling  between  cells  is  first  detected  at  the  same  time  as 
the  aggregation  of  particles  and  increases  as  the  size  of  these 
aggregates  increase.   During  this  period  the  number  of  "gap  junctions" 
between  the  clumps  of  cells  continues  to  increase  until  all  of  the  cells 
are  coupled.   Their  findings  indicate  that  the  "gap  junctions"  are 
permeable  not. only  to  small  ions  but  also  to  larger  molecules  such  as 
fluorescein. 

Closely  related  work  conducted  by  an  NIGMS  trainee  at  the  University  of 
California,  Berkeley,  (GM  00829)  has  shown  that  when  one  of  the  cells 
in  a  clump  of  fibroblasts  is  seriously  injured   a  loss  of  coupling  is 
immediately  observed,  and  the  "gap  junctions"  between  the  injured  cell 
and  adjacent  cells  are  immediately  sealed  off.   These  experiments  were 
extended  to  three  cells  in  a  row  in  which  microelectrodes  were  gently 
inserted  into  the  first  and  third  cells  and  coupling  was  demonstrated 
through  the  cell  that  lay  between  them.   In  another  experiment  with 
three  cells  in  a  clump,  one  was  seriously  injured  and  became  uncoupled 
rapidly,  whereas  the  other  two  remained  electrically  coupled.   In  some- 
what earlier  research  Lowenstein  and  his  colleagues  (GM  12771)  found 
that  high  level  of  calcium  in  the  extracellular  fluid  is  essential  to 
the  formation  of  these  low  resistant  junctions;  but  when  a  high  level 
of  calcium  is  found  inside  the  cells  they  rapidly  seal  off.   Since 
serious  injury  might  lead  to  disruption  of  the  cell  membrane,  the  level 
of  calcium  inside  the  cell  might  then  approximate  that  of  the  extra- 
cellular fluid  and  lead  to  a  sealing  off  of  the  low  resistance  junction 
as  reported  earlier  by  Lowenstein.   Although  these  studies  are  still  in 
a  relatively  early  stage,  they  have  a  high  degree  of  importance  because 
it  appears  that  nearly  all  cells  in  normal  tissues  have  these  low 
resistance  "gap  junctions"  which  appear  to  be  involved  in  the  co- 
ordination of  events  between  cells.   We  do  not  know  what  particular 
events  are  coordinated  by  these  low  resistance  junctions,  or  what 
message,  if  any,  passes  between  them.   However  the  fact  that  nearly  all 
the  cells  and  tissues  are  linked  through  these  low  resistance  junctions 
means  that  there  is,  in  effect,  a  single  compartment  within  coupled 
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tissues  which  permits  free  passage  of  ions  through  these  semipermeable 
membranes  from  one  cell  to  the  next  without  significant  barriers  to 
their  movements.   These  low  resistance  junctions  form  in  very  early 
embryonic  life  so  that  the  embryo  is,  in  effect,  a  continuous  compart- 
ment for  the  substances  to  which  these  junctions  are  permeable.   The 
research  of  Revel  has  shown  the  sequence  of  development  of  the 
structures  that  become  "gap  junctions".   The  next  step,  of  course,  will 
be  the  isolation  of  these  9-11  nm  particles  and  their  characterization 
to  demonstrate  in  greater  detail  their  macromolecular  structure. 

"Purified  Acetylcholine  Receptors  of  the  Neuromuscular  Junction" 
GM  14452  (Raftery)  California  Institute  of  Technology 

Postsynaptic  depolarization  at  the  neuromuscular  junction  of  vertebrates 
is  mediated  by  the  neurotransmitter,  acetylcholine.   Two  key  steps  have 
been  recognized  in  this  process:  a)  interaction  of  the  neurotransmitter 
with  its  macromolecular  receptor,  and  b)  cation  translocation  across 
the  postsynaptic  membrane  to  effect  depolarization.   Although  the  macro- 
molecular receptor  for  acetylcholine  has  been  isolated  and  purified 
recently  in  a  number  of  laboratories,  including  that  of  Dr.  Raftery,  to 
date  it  is  not  known  if  this  purified  receptor  contains  the  molecular 
apparatus  necessary  for  ion  translocation.   This  important  question  can 
only  be  answered  by  functional  reconstitution  of  purified  acetylcholine 
receptor  complex  (AcChR)  in  a  membrane  system,  since  ion  translocation 
is  a  membrane-specific  phenomenon.   Although  other  scientists  have 
approached  this  problem,  they  have  done  so  with  non-purified  receptor 
fragments  and  the  question  arises  as  to  whether  other  protein  components 
than  the  acetylcholine  receptor  are  responsible  for  the  ion  translocation. 
Drs.  Raftery  and  Michaelson  of  the  California  Institute  of  Technology 
have  successfully  reconstituted  purified  acetylcholine  receptor  with 
lipids  obtained  from  the  electric  organs  of  fish  to  form  sealed  vesicles 
that  respond  to  acetylcholine  by  an  increase  in  efflux  of  radioactive 
sodium  ion.   This  effect  can  be  completely  abolished  by  the  neurotoxin 
called  bungarotoxin. 

The  most  important  observation  presented  in  this  work  is  that  the 
isolated  purified  acetylcholine  receptor,  a  macromolecular  complex  with 
multi-subunit  composition,  can  be  incorporated  in  lipid  vesicles  so 
that  it  retains  the  property  of  binding  bungarotoxin,  and  furthermore, 
upon  addition  of  cholinergic  antagonists,  it  enhances  cation  flux  from 
within  the  closed  vesicular  structures.   The  importance  of  this  finding 
is  that  the  macromolecular  species  isolated  by  affinity  chromatography 
not  only  recognizes  the  neurotransmitter,  acetylcholine,  but  in  addition 
it  contains  whatever  molecular  features  are  necessary  for  ion  trans- 
location.  This  represents  the  first  clear  demonstration  that  the 
acetylcholine  binding  protein  contains  all  of  the  molecular  machinery 
necessary  for  postsynaptic  depolarization.   This  finding  renders 
possible  future  studies  toward  the  identification  and  characterization 
of  those  molecular  features  of  the  isolated  macromolecule  that  are 
required  for  the  translocation  of  cations  to  effect  postsynaptic  de- 
polarization. 
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4.  "Regulation  and  Mechanism  of  Cell  Surface  Synthesis" 

GM  18405  (Glaser)  Washington  University,  St.  Louis 

Complex  carbohydrates,  glycolipids,  and  glycoproteins  present  in  the 
cell  surface  of  all  mammalian  cells  are  believed  to  be  involved  in  the 
mechanisms  by  which  cells  of  the  same  tissue  recognize  and  adhere  to 
each  other.   However,  their  precise  chemical  nature  is  not  known  and 
there  is  some  uncertainty  as  to  whether  these  cell  surface  recognition 
sites  are  absolutely  specific  for  each  tissue  or  whether  cells  from 
different  tissues  simply  differ  in  their  relative  affinity  for  each 
other.   When  cells  from  two  different  tissues  such  as  brain  and  retina 
are  disbursed  into  suspensions  of  single  cells  and  then  mixed  together 
and  allowed  to  reaggregate,  cells  of  both  types  clump  together  in 
large  mixed  aggregates,  but  then  proceed  to  re-sort  themselves  into 
stable  groups  that  contain  only  cells  of  like  types.   In  an  effort  to 
study  the  specificity  of  cell  surface  recognition-  sites ,  Dr.  Glaser  and 
his  coworkers  isolated  cell  membranes  from  chick  embryo  brain  cells  and 
from  retinal  cells  to  see  if  the  isolated  membranes  from  cells  retained 
their  recognition  sites.   They  found  that  fragments  of  the  isolated 
membranes  would  bind  to  intact  cells  of  the  same  type,  preventing  their 
reaggregation.   This  suggested  that  the  membrane  fragments  were  attach- 
ed to  the  recognition  sites  of  the  intact  cells  so  that  the  cells  could 
not  bind  to  each  other.   They  then  tested  the  capability  of  retinal  cell 
membranes  to  bind  to  brain  cells  and  found  that  they  did  not  bind,  and 
thus  did  not  prevent  reaggregation  of  the  brain  cells.   Of  considerable 
interest  was  that  the  capacity  of  the  retinal  cells  to  bind  to  each 
other  changed  markedly  during  development.   Thus  while  8  day  old  retinal 
cell  membranes  bound  to  retinal  cells  from  8  day  old  chicks  with  a  high 
affinity,  there  was  almost  no  binding  to  7  day  old  retinal  cells  and 
there  was  only  a  modest  binding  to  9  day  old  cells.   Thus,  this  research 
from  Dr.  Glaser 's  laboratory  provides  evidence  that  cell  surface 
recognition  sites  change  rapidly  during  development.   Dr.  Glaser  is  now 
attempting  to  isolate  the  cell  surface  recognition  sites  from  retinal 
cell  membranes  in  order  to  determine  their  precise  chemical  composition 
and  structure. 

5.  "Cyclic  AMP-Dependent  Endogenous  Phosphorylation  of  a  Microtubule- 

Associated  Protein" 

GM  14642  (Rosenbaum)  Yale  University;  GM  14825  (Cantor)  Columbia 

University 

In  former  reports  we  have  described  in  considerable  detail  research  that 
is  being  conducted  on  microtubules  under  NIGMS  support.   These  micro- 
tubules have  vital  roles  in  the  formation  of  the  spindle  that  separates 
chromosomes  during  cell  division,  and  as  structural  components  of  cilia 
and  flagella,  and  in  forming  the  scaffolding  which  provides  shape  to 
cells  and  their  processes, including  the  fibers  of  nerves.   Spectacular 
research  has  been  conducted  in  recent  years  on  the  role  of  cyclic  AMP 
in  the  action  of  hormones.   It  has  recently  been  reported  that  cyclic 
AMP  stimulates  the  phosphorylation  of  tubulin,  the  major  protein  of 
microtubules.   Moreover,  microtubule  preparations  have  recently  been 
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found  to  contain  a  cyclic  AMP-dependent  protein  kinase.   When  micro- 
tubule protein  is  isolated  by  an  in  vitro  assembly-disassembly  method, 
and  the  proteins  are  analyzed  by  gel  electrophoresis,  two  proteins  of 
high  molecular  weight  are  found  to  co-purify  with  the  tubulin. 
Rosenbaum  and  his  colleagues  present  data  showing  that  the  ratio  of  one 
of  these  microtubule-associated  proteins,  MAP-2,  remains  constant 
during  purification  through  several  cycles  of  assembly  and  disassembly, 
indicating  that  the  association  of  the  MAP-2  with  microtubules  is  not 
a  random  phenomenon.   Moreover,  they  have  shown  that  MAP-2  is  650  times 
more  effective  as  a  substrate  for  the  protein  kinase  than  the  tubulins. 
The  function  of  the  phosphorylation  of  MAP-2  by  protein  kinase  in  micro- 
tubules is  not  known.   It  could  affect  the  initiation  or  elongation 
steps  of  microtubule  formation  or,  on  the  other  hand,  it  could  be 
involved  in  their  disassembly.   Both  MAP-1  and  -2  when  associated  with 
microtubules  from  nerves  or  neurotubules   have  some  characteristics  in 
common  with  dynein,  the  high  molecular  weight  ATPase  that  forms  the 
arms  of  the  outer  doublet  microtubules  of  flagella  and  provides  the 
motor  force  for  their  movement.   Rosenbaum  and  others  have  recently 
reported  that  MAP-1  and  -2  of  neurotubules  have  ATPase  activity, 
moreover,  neurotubules  in  situ  have  been  shown  to  be  covered  with  a 
filamentous  coating;  if  the  neurotubules  are  reassembled  in  the  absence 
of  MAP-1  and  -2,  these  filaments  are  absent  from  their  surface,  indicat- 
ing that  the  filaments  may  be  composed  of  the  microtubule-associated 
proteins.   It  is  possible  that  these  filaments  which  associated  with 
neurotubules  may  be  motile  proteins  involved  in  axoplasmic  transport, 
and  that  their  phosphorylation  in  response  to  cyclic  AMP  may  be  related 
to  their  function. 

In  related  work  Cantor,  Shelanski,  and  their  colleagues  at  Columbia 
University  (GM  14825)  have  found  that  4M  glycerol  has  a  marked  stabil- 
izing effect  on  microtubules,  permitting  better  retention  of  the  dimeric 
structure  in  a  month  of  storage  than  could  previously  be  retained  in  an 
8-hour  period.   This  discovery  has  led  Cantor  to  develop  a  highly 
effective  purification  procedure  for  tubulins  which  combines  the 
glycerol  stabilization  with  the  technique  of  reversible  polymerization 
and  depolymerization  by  heating  and  cooling  of  the  protein.   They 
have  shown  that  in  the  presence  of  glycerol,  assembly  of  tubulin  can 
proceed  in  the  absence  of  GTP  which  had  previously  been  thought  to  be 
required.   Experiments  conducted  in  their  laboratories  also  have  con- 
firmed the  existence  in  microtubule  preparations  of  a  component  of 
360,000  molecular  weight,  and  the  existence  of  adenylate  kinase  activity 
in  microtubule  preparations.   One  of  the  most  interesting  findings  in 
their  work  is  that  recently  disassembled  tubules  reassemble  much  more 
more  rapidly  when  reheated  than  do  samples  that  have  been  held  for 
longer  periods  of  time.   This  "memory"  takes  4  hours  to  decay  completely. 
Cantor  postulates  that  this  phenomena  is  probably  due  to  the  presence 
of  active  tubule  "initiators"  which  persist  for  some  time  after  de- 
polymerization.   They  are  now  searching  for  the  unknown  initiator  that 
may  be  involved. 
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"Chromosome  Cycles  in  Unfertilized  Sea  Urchin  Eggs" 
GM  13882  (Mazia)  University  of  California,  Berkeley 

The  unfertilized  egg  is  considered  to  be  a  nearly  inert  cell  in  which 
chromosome  replication,  successive  mitotic  cell  divisions,  and  the 
cascade  of  events  of  development  are  released  by  the  act  of  fertiliz- 
ation.  Recent  work  has  shown  that  some  of  the  important  changes  that 
ordinarily  follow  fertilization  can  be  provoked  in  unfertilized  eggs 
by  exposing  them  to  NH4OH.   In  unfertilized  sea  urchin  eggs  so  treated 
the  chromosomes  condense  after  the  first  round  of  DNA  synthesis  and  then 
go  through  a  chromosome  cycle  in  which  the  chromosomes  split  visibly; 
however,  the  sister  chromosomes  do  not  further  separate  but  instead 
regress  into  an  interphase   nucleus.   These  cycles  repeat,  producing 
eggs  with  large  numbers  of  chromosomes;  no  mitotic  apparatus  is  seen, 
and  the  eggs  do  not  divide. 

The  activities  that  are  initiated  by  treatment  with  NH4OH  normally  begin 
some  minutes  after  fertilization,  namely:  1)  development  of  potassium 
conductance  and  a  membrane  potential;  2)  acceleration  of  protein 
synthesis;  3)  polyadenylation  of  RNA;  4)  increased  permeation! of  thymi- 
dine; and  5)  the  initiation  of  DNA  synthesis.   The  effect  of  NH4OH  is 
that  of  a  triggering  or  releasing  process  since  the  chromosome  cycles 
described  continue  to  proceed  after  the  eggs  have  been  returned  to 
normal  sea  water.   The  eggs  so  treated  with  NH4OH  are  unfertilized  and 
can  be  fertilized  later.   Later  fertilization  permits  the  introduction 
of  paternal  -nuclei  which  proceed  to  condense  prematurely,  at  the  same 
time  as  the  maternal  chromosomes.   These  experiments  confirm  the  dis- 
covery of  a  chromosome  condensing  factor,  or  state,  that  prevades  the 
whole  cell  and  condenses  all  the  chromosomes  in  that  cell  simultaneously. 
Thus  the  NH4OH  treated  eggs  may  be  considered  as  experimental  material 
for  analytical  studies  of  the  chromosome  condensing  process  since  they 
would  provide  large  quantities  of  cells  entering  mitosis  synchronously. 

"The  3-Dimensional  Structure  of  Lactic  Dehydrogenase" 
GM  10704  (Rossmann)  Purdue  University 

The  attempt  to  determine  the  structural  basis  for  enzyme  action  has 
occupied  the  attention  of  biochemists  for  a  number  of  years.   These 
studies  have  been  vigorously  approached  in  the  recognition  of  the  fact 
that  enzymes  chemically  drive  and  control  all  metabolic  processes  in 
living  tissues, and  that  an  understanding  of  the  structure-function 
relationship  of  these  enzymes  could  provide  clues  to  the  processes  that 
result  in  the  malfunction  of  enzymes  in  genetic  and  other  forms  of 
disease,  as  well  as  to  such  phenomena  as  the  action  of  drugs  on  pro- 
teins.  One  of  the  most  powerful  approaches  to  the  understanding  of  the 
molecular  structure  of  proteins  has  been  derived  from  the  application 
of  X-ray  diffraction.   The  first  determination  of  a  3-dimensional 
structure  of  a  protein  using  X-rays  required  about  20  years  of  effort 
and  led  to  the  award  of  the  Nobel  Prize  to  Kendrew  and  Perutz.   The 
next  protein  to  be  analyzed  required  only  5  years  of  work  and  today 
3-dimensional  structural  determination  of  a  protein  may  be  carried  out 
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in  2  years  or  less,  because  of  advances  that  have  been  made  in  this 
important  field.   M.  G.  Rossmann  at  Purdue  University  has  been  examin- 
ing the  3-dimensional  structure  of  the  enzyme,  lactic  dehydrogenase, 
which  has  an  important  role  in  the  breakdown  of  one  of  the  key  inter- 
mediates involved  in  the  metabolism  of  glucose  and  other  sugars, and 
which  is  also  involved  in  a  key  step  in  the  utilization  of  blood  lactate 
as  a  source  of  energy  for  heart  muscle,  and  also  as  a  starting  point 
for  the  synthesis  of  glucose  by  the  liver. 

Lactate  dehydrogenase  is  one  member  of  an  extensive  and  important  family 
of  enzymes  which  have  key  roles  in  the  oxidation-reduction  reactions 
which  occur  in  glycolysis,  the  citric  acid  cycle,  and  fatty  acid 
oxidation.   Although  information  as  to  the  3-dimensional  structure  of 
these  key  enzymes  is  of  itself  important,  a  particularly  exciting 
development  in  Rossmann' s  work  is  the  identification  of  a  unique  type 
of  folding  which  occurs  to  form  the  NAD-binding  site  of  the  enzyme  and 
which  is  common  to  this  family  of  enzymes,  e.g.,  lactic  dehydrogenase, 
glyceraldehyde-3-phosphate  dehydrogenase,  phosphoglycerate  kinase, 
phosphoglyceromutase,  alcohol  dehydrogenase,  and  adneylate  kinase.   The 
conservation  of  an  essentially  identical  fold  during  the  molecular 
evolution  of  these  enzymes,  even  when  the  linear  amino  acid  sequence  may 
vary  considerably,  suggests  an  evolutionary  relationship  not  hitherto 
suspected.   In  the  light  of  Rossmann 's  observations  it  becomes  clear 
that  the  ordered,  folded  structure  of  a  protein  chain  can  be  conserved 
despite  significant  changes  in  amino  acid  sequence. 

It  has  been  a  tenet  of  structural  protein  chemistry  for  some  years  that 
the  manner  of  folding  of  a  protein  is  determined  by  the  specific  linear 
sequence  of  the  amino  acids  of  which  it  is  comprised.   However,  the 
molecular  rules  which  would  allow  a  prediction  of  the  folding  from  a 
known  sequence  of  amino  acids  are  still  largely  undefined;  a  great  deal 
of  work  is  still  going  on  in  this  area  by  Wu  (GM  21482),  Low  (GM  21632), 
and  Scheraga  (GM  14312)  among  others.   Since  Rossmann  has  now  demon- 
strated that  an  identical  folded  structure  can  result  from  non-identical 
sequences,  it  may  be  possible  to  determine  the  critical  elements  of  the 
protein  chain  which  generate  the  fold.   One  recent  outgrowth  of  this 
study  is  a  proposal  by  Stellwagen  (GM  22109)  to  use  newly  observed 
properties  of  this  NAD-fold  to  identify  and  purify  enzymes  having  this 
structure.   Stellwagen' s  group  has  found  that  the  sulfonated  poly- 
aromatic  blue  dye  covalently  attached  to  dextran,  called  blue  dextran, 
mimics  the  structure  of  NAD  and  is  specific  for  the  binding  of  the 
dinucleotide  fold.   They  have  therefore  proceeded  to  use  this  blue 
dextran-sepharose  affinity  chromotography  to  identify  other  proteins 
that  possess  the  dinucleotide  fold  and  to  improve  their  purification 
for  further  study  and  characterization. 

8.   "Lac  Respressor  Protein" 

GM  18268  (Steitz)  Yale  University 

The  control  of  DNA  transcription  in  the  formation  of  messenger  RNA  is 
best  understood  in  the  lactose  operon  of  E.  coli.   Elucidation  of  this 
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operon  was  the  classical  work  of  Jacob  and  Monod  which  led  to  their 
award  of  the  Nobel  Prize.   Transcription  of  the  lactose  operon  by  RNA 
polymerase  is  prevented  by  specific  binding  of  lac  repressor  protein  to 
the  operator  locus.   Induction  of  synthesis  of  the  enzyme  is  explained 
as  the  binding  of  inducer  to  the  lac  repressor  protein  causing  the 
repressor  to  dissociate  from  the  DNA,  allowing  RNA  polymerase  to 
proceed  with  the  transcription.   Steitz  and  his  coworkers  have  under- 
taken a  detailed  study  of  the  molecular  shape,  subunit  structure,  and 
proposed  model  for  operator  interaction  based  on  structural  studies  of 
microcrystals  of  the  lac  repressor  proteins.   The  lac  repressor  protein 
has  a  molecular  weight  of  150,000  with  four  subunits,  with  each  tetramer 
having  a  dumbbell  shape.   It  is  proposed  that  the  four  subunits  bind 
in  pairs  on  either  side  of  the  DNA  which  lies  in  a  groove  or  depression 
between  them.   This  gives  the  necessary  2-2-2  symmetry  that  has  been 
observed  by  Gilbert  (GM  09541)  who  also  finds  that  a  piece  of  DNA  27 
pairs  long  (about  90A)  is  protected  by  the  repressor  from  DNAase 
digestion.   The  fact  that  the  repressor  molecule  is  130-140  A  long 
suggests  that  binding  site  for  the  operator  is  considerably  shorter  than 
the  total  length  of  the  lac  repressor  protein. 

"Mass  Spectrometry" 
GM  16609  (McLafferty)  Cornell  University 

With  the  burgeoning  need  for  rapid  analytical  techniques  that  can  be 
widely  applied  to  the  analysis  of  biological  compounds  in  a  wide  variety 
of  situations  from  those  found  in  the  blood  and  body  fluids  and  in  our 
polluted  rivers  and  lakes,  to  the  analysis  of  drug  metabolites  in  the 
blood  stream,  and  the  minute  amounts  of  carbohydrate  constituents  found 

on  the  surfaces  of  cell  membranes,  a  number  of  powerful  analytical 
tools  have  evolved  in  recent  years;  one  of  the  most  important  is  the 
mass  spectrometer.   Much  of  the  biological  application  of  this  important 
instrument  has  come  through  NIGMS  support  of  scientists  such  as  Bieman 
at  MIT  (GM  5472);  Djerassi  at  Stanford  (GM  6840);  Eyring  at  the 
University  of  Utah  (GM  12862);  Horning  at  Baylor  (GM  13901);  and 
McLafferty  at  Cornell.   One  of  the  most  important  advances  has  been  the 
development  of  rapid  automatic  methods  for  the  interpretation  of  mass 
spectra  using  computers  for  the  retrieval  of  data  to  aid  in  determining 
the  structure  of  organic  compounds.   In  general  three  types  of  systems 
have  been  developed:   The  first  matches  the  unknown  mass  spectra  against 
those  in  a  reference  file  and  is  only  effective  for  those  compounds  for 
which  reference  spectra  are  available.   The  second  system  uses  the 
"learning  machine"  approach   in  that  the  computer  first  correlates  the 
spectra  in  the  reference  file  separately  for  each  structural  feature 
sought  and  then  determines  the  probability  as  to  whether  each  of  these 
structural  features  is  present  in  the  unknown  compound.   The  third 
system  attempts  to  use  the  techniques  of  artificial  intelligence  and 
applies  the  same  interpretative  reasoning  employed  by  the  chemist  in 
correlating  data  from  known  mass  spectra. 

McLafferty  has  recently  developed  "self-training  and  retrieval  systems" 
(STIRS)  which  seeks  to  combine  the  advantageous  features  of  each  of  the 
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above  general  approaches.   The  computer  examines  the  reference  compound 
selected  as  being  most  closely  related  to  the  unknown  and  calculates 
the  probability  that  particular  structural  features  are  present  in  the 
unknown  compound.   The  time  required  for  the  computer  to  do  the  scanning 
and  calculate  the  structural  probabilities  for  a  given  compound  is 
about  one  minute.   McLafferty  has  now  about  40,000  accurate  reference 
spectra  which  are  important  to  the  development  of  such  a  system. 
McLafferty' s  system  can  be  automated  to  examine  an  unknown  sample  for 
the  presence  of  a  specific  compound,  indicating  the  probability  that 
the  compound  is  present  by  a  Confidence  Index,  K.   This  approach  can 
obviously  be  used  in  the  search  for  suspected  drugs  or  chemicals  in 
body  fluids  or  for  possible  pollutants  in  the  effluent  of  factories,  in 
rivers  or  the  atmosphere.   It  also  can  be  used  by  chemists  and  bio- 
chemists in  the  search  for  suspected  intermediates  in  chemical  or 
metabolic  reactions.   The  remarkable  flexibility  of  mass  spectrometry, 
particularly  when  used  and  coupled  with  high  pressure  liquid  chromo- 
tography  and  similar  techniques,  makes  this  an  area  of  great  importance 
as  we  seek  to  apply  the  sophisticated  knowledge  of  biochemistry  and 
organic  chemistry  to  new  areas  of  research,  as  well  as  to  the  practical 
problems  that  face  both  medicine  and  industry. 
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CLINICAL  AND  PHYSIOLOGICAL  SCIENCES  PROGRAM 


SCOPE 

Progress  and  accomplishments  of  multicategorical  research  programs  in  the 
clinical  and  physiological  sciences  together  with  related  research  training 
are  reported  in  this  section.   These  programs  include  anesthesiology,  trauma 
and  burns,  behavioral  science,  and  epidemiology. 

OBJECTIVES 

The  goal  of  the  Clinical  and  Physiological  Sciences  Program  is  to  broaden 
and  strengthen  the  scientific  base  of  the  several  areas  of  clinical  medicine 
for  which  NIGMS  has  responsibility.   Coordinated  basic  and  clinical  research 
investigations  relating  to  anesthesiology  and  trauma  are  intended  to  foster 
a  more  rapid  application  in  clinical  practice  of  new  knowledge  gained  from 
research  in  such  areas  as  cell  biology,  physiology,  biochemistry,  pharmacology, 
behavioral  sciences,  and  bioengineering.   The  continuing  and  intensified 
application  of  this  knowledge  is  confidently  expected  to  lessen  morbidity 
and  mortality  generally. 

In  pursuit  of  this  goal,  several  grant  support  mechanisms  are  used,  including 
project  grants,  program-projects,  research  center  grants,  research  training 
grants,  fellowships,  and  research  career  development  awards. 

The  research  project  grants  are  made  for  the  support  of  in-depth  studies  of 
particular  aspects  of  a  clinically  related  problem  and  are  usually  of  a  basic 
nature.   The  research  center  grants  serve  to  bring  together  basic  and  clinical 
research  scientists  from  a  number  of  disciplines  and  to  facilitate  the  applica- 
tion of  new  research  findings  to  patient  care.   The  center  grants  are  therefore 
felt  to  be  particularly  well  suited  to  fulfill  the  needs  and  objectives  of 
this  program.   Since  the  clinical  areas  of  trauma  and  anesthesiology  are  not 
as  well  developed  scientifically  as  internal  medicine,  for  instance,  we  hope 
that  one  of  the  secondary  benefits  of  research  center  grants  in  these  areas 
will  be  to  strengthen  the  most  promising  medical  school  departments  in  this 
respect. 

The  change  in  authorization  for  support  of  research  training  on  July  12,  1974, 
had  several  consequences.   The  training  grants  active  under  the  old  authority 
were  put  on  phase-out  status,  with  support  limited  to  previously  existing 
budget  commitments,  in  some  cases  for  as  long  as  four  additional  years.   The 
grants  affected  by  this  phase-out  are  in  the  areas  of  anesthesiology,  surgery, 
nutrition,  epidemiology,  physiology,  and  the  behavioral  sciences.   Under 
the  new  National  Research  Act,  support  is  now  provided  for  postdoctoral 
research  training  in  anesthesiology,  trauma  and  burn  research,  behavioral 
science,  and  epidemiology,  through  individual  fellowships.   Institutional 
awards  for  research  training  are  offered  only  in  trauma  and  burn  research 
(postdoctoral) ,  and  systems  and  integrative  biology  (predoctoral) ,  a  category 
which  is  also  relevant  to  the  Institute's  Biomedical  Engineering  Program. 
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RESEARCH  AND  MANPOWER 

1.  Anesthesiology 

In  October  1974  the  NIGMS  sponsored  its  first  Anesthesiology  Workshop,  which 
was  attended  by  more  than  100  scientists  dedicated  to  this  field.   The  two- 
day  meeting  was  devoted  to  discussions  of  the  current  state  of  knowledge 
and  future  research  needs  in  the  areas  of  anesthetic  induction,  the  uptake, 
metabolism,  distribution  and  elimination  of  anesthetic  agents,  organ  and 
system  response,  resuscitation,  and  associated  pulmonary  complications  and 
therapy. 

An  Acupuncture  Workshop  was  sponsored  by  the  Institute  on  March  14,  1975, 
to  review  the  current  status  of  the  research  conducted  under  NIH  grant  support 
and  by  NIH  intramural  scientists.  According  to  several  preliminary  reports 
on  pain  research,  acupuncture  seems  to  be  as  effective  as  mild  doses  of  anal- 
gesics such  as  codeine,  morphine,  and  nitrous  oxide  gas.   These  studies  also 
demonstrate  an  appreciable  psychological  element  in  the  pain-relieving  effects 
of  acupuncture,  in  addition  to  its  apparent  direct  effect  on  the  neurosensory 
system.   In  one  investigation  of  the  therapeutic  potential  of  acupuncture, 
only  one  of  15  tested  patients  with  essential  hypertension  showed  a  mild 
decrease  (10  mm  Hg)  of  blood  pressure  after  prolonged  acupuncture  treatments. 

A  panel  of  NIH  consultants  emphasized  that  any  conclusions  about  the  effective- 
ness of  acupuncture  based  on  the  work  in  progress  would  be  premature.  Although 
the  panel  encouraged  continued  work  on  acupuncture  as  a  non-drug  approach 
to  pain  control,  it  stressed  the  need  for  studies  directed  at  the  phenomenon 
of  pain  itself.   During  the  past  year,  7  applications  for  support  on  the 
basic  mechanisms  of  pain  have  been  funded  at  a  total  level  of  about  $210,000. 

During  FY  75 ,  continued  funding  was  provided  for  the  five  anesthesiology 
research  center  grants,  and  staff  continued  to  program  for  additional  grants 
in  this  area.   Seven  new  research  projects,  four  of  which  were  on  acupuncture, 
were  activated  this  year.   The  acupuncture  studies  are  concerned  with  its 
effectiveness  in  bronchial  asthma,  the  electrical  correlates  of  classical 
acupuncture  points,  electrophysiological  experiments  to  establish  if  peripheral 
or  central  mechanisms  are  involved  in  its  action,  and  measurements  of  its 
analgesic  effects  in  the  monkey.   One  individual  fellowship  application  in 
anesthesia  was  approved  and  funded. 

The  Institute  is  trying  to  establish  an  intramural  research  program  in  anes- 
thesiology.  Such  a  program  would  also  strengthen  the  clinical  services  in 
anesthesiology  at  the  Clinical  Center.   To  date,  an  extensive  search  for 
a  chief  and  professional  personnel  has  proved  unsuccessful,  and  an  RFP  has 
been  sent  out  for  a  contractual  arrangement.  Applications  in  response  to 
the  RFP  are  currently  under  review. 

2.  Trauma  and  Burns 

This  year  the  CPS  staff  re-evaluated  the  program  needs,  assigned  top  priority 
to  burn  research,  actively  programmed  for  several  new  trauma  centers  and 
program  projects,  and  provided  support  for  NRS  awards  for  individual  and 
institutional  training  in  both  trauma  and  burns. 
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In  October  1974,  the  Fire  Prevention  and  Control  Act  was  signed  into  law,  but 
no  appropriation  was  made  for  Section  19,  which  directs  the  Secretary  of  the 
Department  of  Health,  Education,  and  Welfare  to  establish  burn  treatment 
centers,  units,  and  programs;  to  expand  ongoing  research  efforts;  to  develop 
training  programs  at  all  levels;  and  to  provide  for  rehabilitation  of  severely 
burned  individuals.   The  Act  has  generated  considerable  interest  in  all  aspects 
of  the  burn  problem  from  both  the  scientific  community  and  the  Congress. 

During  FY  75,  the  NIGMS  activated  a  second  burn  research  center  at  the 
University  of  Washington  in  Seattle.   This  institution  is  heavily  committed 
to  the  care  of  burn  victims,  and  has  become  a  regional  resource  for  a  four- 
state  area  (Washington,  Alaska,  Montana,  and  Idaho).   The  clinical  facility 
is  well  equipped  and  staffed  with  internationally  recognized  burn  specialists. 
The  research  includes  studies  on  post-burn  metabolism  and  nutrition,  pulmonary 
response,  leukocyte  function,  and  G-I  bleeding. 

Summaries  of  much  of  the  NIGMS-supported  burn  research,  plus  a  description  of 
the  CPS  research  center  program,  were  presented  at  the  IV  International  Congress 
on  Burn  Injuries  held  in  Buenos  Aires,  Argentina,  in  September  1974.   These 
papers  have  been  published  in  the  new  international  journal  entitled  Burns . 

Several  of  the  ongoing  trauma  research  center  grants  were  reviewed  for  renewed 
support.   Like  the  new  applications  for  research  center  grants,  they  were 
reviewed  under  an  experimental  procedure  which  includes  peer  review  of  each 
sub-project  by  an  appropriate,  regular  study  section  (as  described  in  the 
Institute's  Annual  Report  for  FY  74). 

The  Institute  currently  supports  11  trauma  and  burn  research  centers,  two 
program  projects,  and  38  research  project  grants,  of  which  40  percent  are  on 
burn  research.   In  addition,  seven  NRS  institutional  awards  were  made  for 
research  training  in  trauma  and  burns. 

The  Emergency  Medical  Services  Program  of  the  Health  Services  Administration 
has  been  devoting  its  efforts  to  that  part  of  the  medical  care  system  which 
includes  pre-hospitalization,  emergency  room  care,  and  the  linkage  between 
emergency  room  and  hospital  care.   Currently,  EMS  systems  have  been  developed 
in  at  least  five  states  where  there  are  existing  NIGMS-supported  trauma 
research  centers.   Institute  staff  participates  in  a  subgroup  of  the  Inter- 
agency Committee  on  Emergency  Medical  Services ,  which  is  made  up  of  medical 
consultants  on  such  specialized  problems  as  training,  communications, 
transportation,  and  administration  of  the  medical  systems. 

3.   Behavioral  Sciences  and  Adaptation 

The  research  grants  of  the  Behavioral  Sciences  and  Adaptation  area  encompass 
both  basic  and  clinical  studies  in  which  behavioral  changes  and  their  bio- 
chemical and  physiological  correlates  are  related  to  the  subject's  genetic 
make-up,  environment,  and  pharmacological  influences.   Studies  on  psychosocial 
aspects  of  trauma  are  also  of  interest.   A  few  grants  awarded  during  the  past 
year  deal  with  various  aspects  of  pain,  including  the  application  of  signal 
detection  theory  to  pain  perception,  neurochemical  correlates  of  avoidance 
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behavior,  behavioral  and  neuropathological  effects  of  halothane,  brainstem- 
hippocampal  systems  regulating  behavior,  and  the  effectiveness  of  cognitive 
strategies  in  reducing  pain.  The  Institute  currently  supports  21  grants  in 
this  area,  as  well  as  two  research  career  awardees . 

Thirty  of  the  old  research  training  grants  in  behavioral  sciences  were  active 
in  1974-75.   Through  these,  medical  schools,  hospitals,  and  health-care  and 
social  agencies  continue  to  provide  university-based  behavioral  scientists  with 
insights  into  the  role  of  psychological  factors  in  health  and  disease,  the 
interaction  of  the  patient  with  his  social  and  cultural  environment,  and  an 
understanding  of  the  doctor-patient  relationship.   Two  postdoctoral  fellowships 
under  the  National  Research  Act  were  awarded  this  year,  giving  this  program  a 
total  of  four  active  postdoctoral  fellowships. 

4.   General  Medicine 

The  purpose  of  this  section  within  the  CPS  Program  is  the  application  of 
basic  knowledge  to  non-categorical  clinical  problems  for  improvement  of 
diagnosis  and  therapy.   The  research  projects  include  studies  on  cryobiology, 
mechanical  properties  of  tissues,  and  epidemiology. 

Most  of  the  Institute's  support  for  epidemiology  has  been  for  research 
training  and  consists  of  four  training  grants  with  stipends  for  11  predoctoral 
and  13  postdoctoral  trainees.   Although  these  training  programs  are  situated 
in  the  outstanding  centers  for  epidemiological  training  in  the  nation, 
unfortunately  their  output  is  small  in  relation  to  the  need.   Of  the  nine  post- 
doctorals  who  will  leave  these  programs  at  the  end  of  the  current  fiscal  year, 
two  are  planning  to  accept  academic  positions,  two  are  joining  government  health 
agencies,  three  with  a  master's  degree  will  seek  a  doctorate  elsewhere,  and 
two  are  still  seeking  employment.   The  trainees  and  Career  Development  Awardees 
in  this  program  eventually  will  augment  the  field  and  faculty  in  this  important 
research  area. 

A  large  component  of  the  general  medicine  section  consists  of  research 
training  grants  in  nutrition  and  physiology.   However,  these  grants  will  be 
largely  phased  out  by  FY  77.   This  year,  11  NRS  institutional  awards  were 
made  for  multidisciplinary  predoctoral  training  in  the  area  of  systems  and 
integrated  biology.   In  addition,  two  individual  fellowships  were  awarded  in 
the  area  of  epidemiology. 

RESEARCH  HIGHLIGHTS 

1.   Current  Concepts  in  Burn  Sepsis 

GM  21748  (Curreri)  University  of  Washington 

Despite  recent  advances  in  its  diagnosis  and  treatment,  sepsis  remains 
the  primary  life-threatening  complication  of  burn  injury.   Unfortunately 
specific  diagnostic  tools  for  the  early  identification  of  septic  foci 
are  not  available,  and  physicians  must  depend  mainly  on  clinical  observa- 
tion, which  can  be  highly  inaccurate.   In  the  investigator's  experience, 
there  is  a  70  percent  chance  of  sepsis  occurring  with  burns  of  more 
than  40  percent  total  body  surface.  Blood  cultures  often  do  not  become 
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positive  until  late  in  the  septic  course,  so  there  is  a  real  need  for 
a  method  of  detecting  silent  infection  earlier.   This  investigator 
has  recently  discovered  that  incipient  sepsis  can  be  predicted  with 
considerable  reliability  from  measurements  of  the  ability  of  neutro- 
phils to  reduce  the  dye  nitroblue  tetrazolium  (NBT) .   Blood  leukocytes 
are  separated  and  phagocytosis  stimulated  by  exposure  to  small  latex 
particles.   The  cells  are  then  exposed  to  the  colorless  oxidized  form 
of  the  dye,  and  the  proportion  of  phagocytically  active  cells  which 
reduce  the  dye  to  its  deep  blue  form  is  calculated  by  inspection  of 
smears  under  a  light  microscope.   Patients  whose  NBT  reduction  index 
has  decreased  since  admission  are  usually  developing  sepsis,  and  an 
intensive  search  for  a  source  of  the  infection  and  antibiotic  treatment 
can  be  instituted.   The  correlation  is  indirect  and  the  mechanism  not 
yet  fully  understood,  although  it  appears  to  result  from  the  formation 
of  hydrogen  peroxide  through  the  activity  of  various  oxidases  involved 
in  killing  ingested  bacteria.   However,  the  variables  determining  this 
activity  are  complex,  and  currently  under  investigation  by  a  number 
of  investigators  (see  the  CMBD  Annual  Report  for  1974) . 

Immunosuppression  in  Burns 

GM  21700  (Burke)  Massachusetts  General  Hospital 

Investigators  at  the  Burn  Research  Center  have  found  ways  of  lowering 
the  mortality  rate  of  extensively  burned  children.   Their  technique 
includes  skin  transplantation,  immunosuppression,  hyperalimentation, 
and  a  bacteria-controlled  environment. 

Fresh  tissue-matched  skin  is  transplanted  from  the  child's  parents, 
siblings,  or  other  close  relatives.   The  survival  of  these  grafts  is 
prolonged  by  the  administration  of  immunosuppressive  agents,  permitting 
the  child  to  grow  enough  healthy  skin  to  begin  to  cover  the  burned 
areas.   To  help  combat  the  life-threatening  infection  which  often  occurs 
with  burns,  the  patients  are  initially  placed  in  a  controlled  environment, 
with  filtered  air  and  controlled  temperature  (88°)  and  relative  humidity 
(86%) .   Their  increased  energy  demands  are  met  through  hyperalimentation. 
During  the  initial  4-3  week  period  of  temporary  skin  grafts,  autografting 
is  started.   When  all  but  20  percent  of  the  burned  areas  have  been 
covered  by  the  patient's  own  skin,  the  immunosuppression  is  discontinued 
and  allografts  (cadaver  skins)  are  used  to  cover  the  remaining  parts 
of  the  body.   The  patient  leaves  the  hospital  6-7  months  after  admission. 
Unfortunately,  considerable  disfigurement  still  occurs,  but  the  mortality 
rate  has  been  reduced  to  36  percent. 

Environmental  Effects  on  Metabolism  of  Drugs 
GM  09069  (Ngai)  Columbia  University 

At  this  anesthesiology  research  center,  the  investigators  have  observed 
that  in  human  subjects  cigarette  smoking  appears  to  interfere  with 
the  "absorption"  of  orally  administered  phenacetin,  a  common  ingredient 
of  analgesics.   Blood  levels  of  this  drug  are  considerably  lower  among 
smokers  than  nonsmokers .   They  found  that  the  rat  intestinal  mucosa 
contains  enzymes  which  can  metabolize  phenacetin. 
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It  was  further  demonstrated  that  certain  foods  are  potent  inducers 

of  drug-metabolizing  enzyme  systems  in  the  intestinal  mucosa.   Rats 

fed  with  laboratory  chow  doubled  the  rate  of  intestinal  metabolism 

of  phenacetin,  as  compared  with  those  fed  a  semisynthetic  diet.   Among 

specific  foods,  brussels  sprouts  contain  an  enzyme  (myrosinase)  which 

breaks  down  one  of  its  chemical  components  (indolylmethyl-glucosinolate) 

into  three  identified  products.   All  of  these  products  are  capable 

of  stimulating  intestinal  mucosal  enzymes.   Thus  intestinal  sacs  of 

rats  fed  brussels  sprouts  metabolize  7-ethoxycoumarin  (an  analogue 

of  the  orally  administered  anticoagulant  bishydroxycoumarin,  Dicumarol) 

42  times  faster  than  controls,  and  3,  4-benzpyrene  (a  carcinogen), 

85  times  faster.   Variability  in  the  bioavailability  of  certain  drugs 

such  as  anticoagulants  might  be  explained  on  this  basis.   Furthermore, 

individual  variation  in  susceptibility  to  environmental  carcinogens 

could  be  related  to  enzyme  induction  in  the  intestine. 

Barbiturate-augmented  Hypothermia  for  Intracranial  Pressure 
GM  15430  (Wollman)  University  of  Pennsylvania 

Increased  intracranial  pressure  (ICP)  is  one  of  the  leading  killers 
following  severe  head  trauma.   Investigators  at  the  NIGMS  Anesthesiology 
Research  Centers  at  the  Universities  of  Washington  and  Pennsylvania 
have  successfully  applied  earlier  laboratory  findings  by  others  and 
treated  12  comatose  neurosurgical  patients  with  poor  prognosis.   These 
patients  had  persistent  intracranial  hypertension,  despite  intensive 
conventional  therapy  with  hyperventilation,  steroids,  and  diuretics. 
This  therapy  was  continued  unchanged  except  for  the  administration 
of  barbiturates.   The  ICP  was  measured  continuously,  as  were  BP  and 
CVP,  by  indwelling  catheters.   Serum  pentobarbital  levels  were  maintained 
between  2.7  and  3.3  mgm%.   The  body  temperature  was  then  lowered  and 
maintained  at  30°C.  rectal  temperature.   The  most  effective  treatment 
span  was  found  to  be  in  the  range  of  4-5  days.   In  selected  instances 
where  apparently  devastating  neurological  damage  had  occurred,  it  has 
been  possible  for  the  first  time  to  achieve  remarkable  recoveries, 
with  patients  now  leading  useful  lives. 

Acupuncture  and  Skin  Sensation 

GM  21099  (Perl)  University  of  North  Carolina 

The  investigator  has  completed  one  year's  work  on  the  cutaneous  response 
to  acupuncture.   The  goals  have  been  to  try  to  establish  whether  specific 
alterations  in  sensory  threshold  or  intensity  occur  in  skin  areas  where 
predicted  by  classical  acupuncture  meridians.  Another  goal  has  been 
to  test  whether  only  pain  thresholds  are  affected  or  whether  non-pain, 
sensory  thresholds  and/or  pain  tolerance  are  also  changed.   Twenty- 
five  healthy  male  volunteers  were  used  as  subjects.  Neither  the  subjects 
nor  the  observers  who  performed  the  sensory  tests  had  knowledge  of 
the  expected  pattern  of  anesthesia.  A  number  of  different  tests  were 
used  to  determine  whether  all  sensory  thresholds  change  equally  when 
changes  occur  and  to  reduce  the  likelihood  that  any  specific  sensory 
change  might  be  overlooked.   Thresholds  were  tested  for  pinprick,  pinch, 
and  heating  pain,  warmth,  vibration,  and  electric  shock.   Signals  from 
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these  were  monitored  in  an  adjacent  room,  displayed  on  a  chart  recorder,      A 

and  recorded  on  magnetic  tape.   The  investigators  have  observed  that 

pain  thresholds  for  both  heat  pain  and  pinch  showed  a  tendency  to  rise 

during  acupuncture.   The  average  rises  over  all  subjects  were  small 

(36%  for  pinch  and  0.58°  C  for  heat  pain).   Neither  thresholds  for 

innocuous  cutaneous  tests  nor  tolerance  of  electric  shocks  changed 

significantly  during  acupuncture.   No  differences  were  found  between 

the  increases  in  threshold  or  tolerance  at  acupuncture  target  areas 

and  the  increases  at  non-target,  control  areas.   The  tentative  conclusions    a 

were  that  decreases  in  cutaneous  pain  sensitivity  during  acupuncture 

are  of  moderate  size  and  are  extremely  diffuse.   Moreover,  the  classical 

meridian  maps  do  not  have  a  predictive  value  for  the  location  of  the 

effects.   The  studies  could  have  considerable  influence  on  the  development 

and  acceptance  of  acupuncture  treatment  of  pain  and  acupuncture  anesthesia 

as  a  clinical  method  and  should  provide  information  on  the  interaction 

of  stimuli  in  the  production  of  pain. 

Rochester  Epidemiology  Program  Project 
GM  14231  (Kurland)  Mayo  Foundation 

The  extensive  data  bank  created  during  the  past  10  years  through  the 

grant  support  of  this  program  has  recently  provided  valuable  information 

for  studying  an  extremely  critical  problem:   Do  patients  taking  reserpine 

as  part  of  hypertensive  therapy  develop  breast  cancer  more  frequently 

than  those  not  receiving  this  medication?  Within  only  a  few  months 

after  the  question  was  raised  (see  also  section  on  Pharmacology-Toxicology    a 

Program,  p.80)  records  on  500  breast  cancer  patients  diagnosed  between        ™ 

1955-73  were  compared  with  records  of  a  control  group  (matched  in  age 

and  date  of  diagnosis).   The  results  of  this  study  are  currently  in 

press  (Lancet). 

Several  long-term  studies  of  relationships  of  various  disease  or  health 
conditions  to  cancer  have  been  reported.   The  availability  of  relevant 
medical  data  on  large  numbers  of  patients  over  extensive  periods  of 
time  have  permitted  valid  disclaimers  of  causative  factors  previously 
reported  to  be  significant.   For  example,  Dr.  Kurland 's  group  found 
that  appendectomy  does  not  predispose  to  cancer.   Neither  does  there 
appear  to  be  a  close  correlation  between  thyroid  disease  and  cancer. 
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GENETICS  PROGRAM 


OBJECTIVES,  SCOPE,  AND  ROLE 

This  program  is  directed  toward  gaining  a  better  understanding  of  the 
fundamental  processes  and  mechanisms  of  inheritance  in  health  and 
disease.   Its  ultimate  objectives  are  the  prevention,  therapy,  and  cure 
of  genetic  ills  in  man,  including  those  multifactorial  diseases  with  a 
strong  hereditary  component,  such  as  diabetes,  atherosclerosis,  hyper- 
tension, and  schizophrenia. 

Supported  research  ranges  from  studies  on  nucleic  acid  chemistry  to 
population  genetics.   Topics  include  the  organization,  transmission,  and 
expression  of  genetic  information.   Lower  organisms,  such  as  bacteria, 
are  used  as  model  systems  for  the  elucidation  of  basic  genetic  principles, 
while  the  techniques  of  mammalian  cell  culture  are  being  exploited  for 
the  mapping  of  human  genes  and  for  the  study  of  the  basic  biochemical 
defects  underlying  human  genetic  diseases.   Also  of  concern  are  the  legal, 
social,  and  moral  implications  of  new  genetic  knowledge,  including  assess- 
ment of  the  effects  and  effectiveness  of  genetic  counseling.   The  NIGMS 
genetics  center  program  was  established  to  foster  interaction  among 
scientists  involved  in  basic  and  clinical  research  and  to  provide  the 
clinical  application  and  evaluation  of  research  findings. 

A  number  of  other  NIH  programs  and  also  other  federal  and  non-federal 
agencies  support  research  on  diseases  whose  causes  are,  at  least  in  part, 
genetic.   It  is  therefore  appropriate  to  also  consider  the  role  of  the 
NIGMS  Genetics  Program  vis-a-vis  such  other,  more  categorical  programs. 
This  subject  was  discussed  at  some  length  in  the  1973  annual  report,  and 
also  in  an  appendix  to  the  1974  report.   Briefly,  we  have  identified  a 
number  of  features  which  distinguish  this  program  from  others  whose  ob- 
jectives are  the  prevention  or  alleviation  of  specific  genetic  diseases: 

1.  A  major  component  of  the  research  we  support  focuses  on  such  funda- 
mental topics  as  nucleic  acid  chemistry,  and  the  mechanism  of  transmission 
and  expression  of  genetic  information.   This  requires  support  of  extensive 
research  on  lower  organisms  such  as  bacteria,  fungi,  and  fruit  flies. 

2.  The  categorical  programs  appropriately  consider  each  major  genetic 
disease  as  a  discrete  medical  problem,  demanding  a  specific  approach  and 
resolution.   The  NIGMS  program,  by  contrast,  supports  research  on  genetic 
conditions  which  may  be  serious,  but  infrequent  (such  as  Lesch-Nyhan 
disease),  or  generally  benign  (such  as  glucose-6-phosphate  dehydrogenase 
deficiency) .   The  study  of  such  "model"  conditions  is  undertaken  since 
the  results  often  delineate  aspects  of  human  genetics  which  are  appli- 
cable to  other  genetic  diseases.   More  recently,  other  rare  diseases 
(Fabry's  disease,  9  -glucuronidase  deficiency)  have  become  prime  candi- 
dates for  testing  new  therapy  for  the  correction  of  inborn  errors  of 
metabolism enzyme  replacement  therapy. 
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3.   Finally,  many  important  concerns  transcend  individual  genetic 
diseases.   Are  there  possible  new  approaches  to  antenatal  diagnosis 
and  detection  of  heterozygote  carriers?   What  are  the  current  ethical, 
legal,  and  sociological  problems  in  genetic  counseling  and  screening? 
How  can  these  procedures  be  improved  to  better  serve  a  concerned  popula- 
tion?  Can  the  simple  (i.e.  those  with  Mendelian  inheritance)  genetic 
diseases  offer  clues  for  research  on  the  more  prevalent  "multifactorial," 
"polygenic"  diseases  such  as  hypertension,  atherosclerosis,  and  diabetes? 

In  summary,  the  program  views  itself  as  a  resource  for  generating  both 
basic  concepts  and  generally  applicable  methodologies  and  therapies. 

II.   OVERVIEW  OF  PROGRAM  ACTIVITIES 


General :   We   continue  to  be  involved  in  issues  which  lie  between  the 
primary  concerns  of  a  research-oriented  program,  such  as  ours,  and  pro- 
grams involved  in  the  delivery  of  health  services.   Much  work  remains  to 
be  done  on  the  implications  of  genetic  screening,  genetic  counseling, 
and  "technology-assessment"  of  emergent  new  procedures,  such  as  antenatal 
diagnosis,  before  national  strategies  for  the  optimum  genetic  service  can 
be  developed.   During  the  past  year,  the  program  staff  has  paid  particular 
attention  to   (1)   the  research  methodology  required  for  an  evaluation 
of  the  effectiveness  of  genetic  counseling  services,  and   (2)   an  analysis 
of  the  utility  of  Genetic  Registries,  both  for  research  and  the  delivery 
of  genetic  services. 

As  discussed  above,  the  scope  and  role  of  the  program  is,  by  its  nature, 
a  very  broad  one.   Consequently,  the  need  to  disseminate  information  on 
request  to  other  units  of  government  and  to  the  general  public,  and  to 
interact  with  other  components  of  the  NIH  is  perhaps  greater  than  in  most 
other  programs.   For  example,  during  the  past  year,  program  staff  has 
participated  in  the  work  of  the  "NIH  Coordinating  Committee  for  Low 
Birthweight,"  "The  Interagency  Committee  on  Cooley's  Anemia,"  and  the 
"Environmental  Mutagenesis  Society."   Numerous  inquiries  by  the  public 
about  the  possible  societal  impact  of  the  "New  Genetics"  have  been  re- 
ferred to  program  staff  for  reply.   No  week  goes  by  without  medical 
inquiries  on  genetic  disease  being  referred  to  program  staff.   Although 
program  staff  does  not  provide  medical  advice,  we  are  often  in  a  position 
to  refer  concerned  parties  to  the  appropriate  medical  services. 

We  consider  it  one  of  our  important  functions  to  provide  information  on 
genetics  in  general  to  the  public.   During  FY  1975,  we  prepared  and 
published  a  30-page  brochure,  "What  are  the  Facts  About  Genetic  Disease?" 
The  booklet  has  been  well  received,  and  is  being  used  in  a  number  of 
high  school  and  college  courses,  and  by  volunteer  organizations  concerned 
with  genetic  disease.   We  are  currently  developing  another  publication 
which  will  focus  on  research  progress  in  medical  genetics,  with  emphasis 
on  the  role  that  tissue  culture  has  played  in  the  new  developments. 

The  FY  1974  annual  report  devoted  appreciable  space  to  a  discussion  of  a 
new  technology  for  the  construction  of  novel  interspecific  DNA  hybrids 
and  their  use  in  genetics  research.   (Newer  developments  in  this  area 
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are  discussed  in  the  next  section.)   Generally,  such  technological 
developments  pose  new  and  difficult  problems  for  the  program,  since 
their  very  real  promise  must  be  carefully  weighed  against  other  factors, 
such  as,  in  this  case,  an  evaluation  of  potential  biohazards.   Often, 
the  program  staff  must  make  decisions  before  all  the  facts  are  in,  and 
before  formal  recommendations  and  guidelines  have  been  developed.   The 
emergence  of  similar  issues  will,  we  feel,  be  an  increasing  concern  of 
the  program  in  coming  years,  and  continuing  advice  will  be  required  by 
program  staff  on  such  matters. 

We  are  therefore  pleased  and  fortunate  to  report  one  other  development 
in  FY  1975.   For  some  time,  we  have  felt  a  need  for  a  formal  advisory 
body  to  the  program.   The  charter  of  the  "Mammalian  Cell  Lines  Committee" 
was  recently  broadened,  and  we  have  permission  to  expand  its  membership. 
We  look  forward  to  receiving  expert  guidance  and  advice,  starting  with 
the  first  meeting  of  the  expanded  group  in  October,  1975. 

III.  SPECIFIC  ISSUES 

1.   Recombinant  DNA  Molecules 

New  technology  has  recently  been  developed  for  linking  DNA  of  higher 
organisms  to  the  DNA  of  bacterial  viruses  and  of  extraohromosomal  elements 
(plasmids)  of  bacteria.   These  methods  have  great  research  potential  for 
the  study  of  basic  problems  in  genetics,  and  also  have,  in  principle, 
future  possibilities  for  more  applied  use  (as,  for  example,  the  produc- 
tion of  human  hormones  via  bacterial  fermentation  and  the  introduction 
of  nitrogen- fixing  genes  into  non-legume  crop  plants).   However,  there 
have  also  been  concerns  about  potential  biohazards  associated  with 
this  technology. 

Such  research  should  not  be  undertaken  unless  there  is  assurance  that 
risks  to  laboratory  workers  and  to  society  at  large  are  minimal.   In 
view  of  many  unresolved  issues,  the  program,  in  FY  1974,  took  the  step 
of  warning  all  grantees  known  to  be  contemplating  such  work  on  recombin- 
ants that  "...  We  are  making  it  a  condition  of  the  award  that  you  are  to 
inform  this  Institute  prior  to  the  initiation  of  experiments  that  lead 
to  unusual  inter-specific  hybrids,  and  to  await  advice  prior  to  proceeding." 

As  a  result  of  discussions  at  the  November  1974  NAGMS  Council  meeting, 
this  position  was  slightly  relaxed.   By  then  there  was  a  growing  scienti- 
fic consensus  that  the  linking  of  genes  from  the  lower  eukaryotic  organisms 
(including  DNA  from  fruit  filies,  yeast,  sea  urchins,' and  toads)  represented 
little  or  no  potential  biohazard  to  man,  provided  that  suitable  contain- 
ment facilities  were  available,  and  that  proper  procedures  were  observed. 
Incidentally  these  were  not  the  kinds  of  experiments  on  which  the  National 
Research  Council-National  Academy  of  Sciences  had  called  for  a  research 
moratorium. 

A  similar  position  was  also  taken  at  a  "Conference  on  Recombinant  DNA 
molecules"  (Asilomar,  California,  February  24-28,  1975).   The  "Provisional 


53 


Statement"  of  the  conference  considered  that  "most  experiments  involving 
the  fusion  of  prokaryotic  vectors  with  DNA  from  prokaryotes,  lower 
eukaryotes,  plants,  invertebrates  and  cold-blooded  vertebrates"  fell  into 
a  "low  risk  category,"  and  were  permissible,  provided  suitable  contain- 
ment facilities  and  procedures  were  utilized.   A  very  limited  number  of 
Genetics  Program  grantees  are  now  engaged  in  this  class  of  research. 

A  newly  chartered  NIH  "Recombinant  DNA  Molecules  Program  Advisory  Com- 
mittee: has  been  created  to  advise  the  Director,  NIH  "concerning  a 
program  for  the  evaluation  of  potential  biological  and  ecological  hazards 
of  DNA  recombinants  of  various  types,  to  develop  procedures  which  will 
minimize  the  spread  of  hazardous  molecules  within  human  and  other  popu- 
lations, and  to  devise  guidelines  to  be  followed  by  investigators  working 
with  potentially  hazardous  recombinants"   (Minutes,  February  28,  1975 
meeting).   Dr.  William  J.  Gartland,  a  member  of  our  staff,  has  been 
assigned  on  part-time  detail  to  the  Division  of  Research  Grants  to  act 
as  the  Executive  Secretary  of  the  committee.   Thus,  as  a  result  of  Dr. 
Gartland' s  familiarity  with  many  of  the  issues,  the  program  is  in  an 
unusually  favorable  position  to  respond  to  problems  in  this  area. 

The  program  takes  the  position  that  any  grant  application  in  this  area 
that  poses  identifiable  problems,  or  that  can  be  treated  as  a  test  case 
(for  example,  a  proposal  to  construct  DNA  hybrids  representing  "moderate" 
potential  biohazard  risks)  should  be  referred  to  the  Recombinant  DNA 
Molecule  Committee  for  recommendations  on  actions  (only,  however,  on  bio- 
hazard issues;  evaluation  of  scientific  merit  will  remain  in  the  purview 
of  the  regular  study  sections) .   We  are  indeed  referring  one  such  appli- 
cation to  the  committee  for  consideration  at  its  next  meeting,  in  July 
1975. 

The  program  is  also  concerned  that  some  research  of  this  type  will,  at 
times,  require  funds  for  the  construction  of  new  and  perhaps  costly  con- 
tainment facilities.   There  are  as  yet  no  general  guidelines  and  no 
consistent  NIH-wise  mechanisms  of  review  for  the  consideration  of  such 
requests. 

We  are  clearly  entering  an  era  in  which  public  concern  about  certain  types 
of  research  must  be  balanced  against  scientific  freedom  of  inquiry. 

2.   The  Evaluation  of  Genetic  Counseling 

The  program's  concern  regarding  the  need  for  evaluation  research  on  gen- 
etic counseling  was  discussed  in  the  FY  1974  report.   During  the  last  two 
to  three  years,  a  number  of  research  grant  applications  have  been  submitted 
to  the  NIH  proposing  to  evaluate  the  effects  or  the  effectiveness  of 
current  counseling  practices,  clearly  an  important  and  timely  research 
topic.   However,  the  proposed  projects  were  frequently  poor  in  quality 
and  often  lacked  sufficient  input  from  medical  sociologists  acquainted 
with  the  complexities  of  attitudinal  research.   Consequently,  such  appli- 
cations usually  received  low  relative  priorities  and  were  not  funded,  or 
were  disapproved. 
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In  view  of  a  clear  need  for  an  improvement,  program  staff  discussed  the 
matter  with  the  Genetics  Study  Section  and  later,  in  March  1974,  with  the 
National  Advisory  General  Medical  Sciences  Council.   We  subsequently 
planned  and  sponsored  a  workshop  specifically  focused  on  the  problem: 
"How  can  or  should  genetic  counseling  be  evaluated?" 

Approximately  20  participants  attended  this  two-day  NIGMS-sponsored 
workshop  on  February  28-March  1,  1975  at  Colorado  Springs.   Recommenda- 
tions arising  from  this  effort  included  that  each  application  on  genetic 
counseling  provide  clear  statements  of  (1)  the  goals  of  the  study,  (2) 
how  counseling  will  be  done,  (3)  how  assessed,  (4)  possible  variables 
and  biases  of  the  study  and  how  these  will  be  handled,  and  (5)  the  extent 
to  which  the  results  of  the  study  can  be  generalized.   The  difficulties 
of  appropriate  control  groups  for  such  studies  were  discussed,  as  well 
as  the  pros  and  cons  of  larger  collaborative  studies. 

Genetic  counseling  is  a  form  of  medical  service,  and  support  for  its 
evaluation  may  appropriately  be  the  function  of  other  federal  agencies 
with  missions  and  resources  more  directed  towards  the  delivery  of  improved 
health  care  and  health  services.   In  order  to  stimulate  interagency  inter- 
actions in  the  overall  area  of  genetics  and  also  to  stimulate  a  climate 
of  greater  recognition  of  common  problems,  staff  of  a  number  of  public 
and  private  agencies  were  invited  to  attend  the  workshop. 

A  final  report  of  the  conference  is  to  be  published  in  the  American 
Journal  of  Human  Genetics,  and  the  American  Journal  of  Public  Health. 

IV.   RESEARCH  HIGHLIGHTS 

1.   General:   Research  in  biology  and  medicine,  including  basic  and 
clinical  genetics,  can,  in  many  ways,  be  likened  to  the  assemblage  of 
an  architectural  structure.   In  that  sense,  each  general  advance  seems 
slow  and,  like  the  placement  of  individual  bricks,  relatively  insignifi- 
cant.  The  true  worth,  of  course,  lies  in  the  overall  structure  that 
is  being  generated  rather  than  in  the  individual  "advances."   The 
exciting  aspects  of  the  overall  structure  of  biological  science  are 
both  intellectual,  in  terms  of  our  comprehension  of  the  biological 
world,  and  ourselves  as  organisms  within  it,  and  utilitarian,  in  terms 
of  relevance  to  problems  of  health  and  disease.   Furthermore,  there  is 
no  "final"  structure  of  science,  and  no  "blueprints"  or  plans  for  its 
achievement.   We  can  only  gain  appreciation  for  what  has  been  done,  and 
sense  the  general  directions  of  the  future. 

When  considered  in  this  fashion,  the  selection  of  the  "research  high- 
lights" of  a  program  that  funds  an  appreciable  portion  of  U.S.  research 
in  genetics  is  a  difficult  task.   What  we  have  chosen  to  do  is  to  provide 
the  general  reader  with  glimpses  of  what  we,  at  this  point  in  time,  con- 
sider significant  work  by  our  grantees. 
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Genetic  Control  of  Morphogenesis  and  the  Assembly  of  Higher 
Biological  Structures 

a.  General:   In  the  past  few  decades,  the  concept  of  "self- 
assembly"  has  dominated  thinking  in  a  number  of  fields,  such  as 
the  biosynthesis  of  viruses,  cell  organelles  and  membranes.   The 
concept  implies  that  the  cell  contains  no  information  for  the 
assembly  of  such  higher  structures,  apart  from  the  information 
inherent  in  the  linear  amino  acid  sequences  of  the  component  parts. 
For  example,  Frankel-Conrat' s  and  Nomura's  work  on  the  in  vitro 
reassembly,  from  their  constituents,  of  a  simple  virus  and  a 
ribosomal  subunit,  respectively,  tended  to  provide  support  for  the 
generality  of  the  notion. 

A  number  of  investigators  are  now  identifying  molecules  whose  func- 
tion it  is  to  aid  in  the  formation  of  complex  cellular  structures 
and  viruses.   These  molecules  are  catalytic  in  the  sense  that  they 
may  participate  in  a  number  of  cycles  of  assembly,  and  do  not  appear 
in  the  final  structure.   These  studies  throw  doubt  on  the  generality 
of  the  self-assembly  concept. 

Another  possible  mechanism  for  the  assembly  of  proteins  into  struc- 
tures such  as  membranes  may  be  post-synthesis  modifications  or 
additions  which  direct  their  incorporation  into  that  structure. 
The  idea  that  proteins  can  be  "addressed"  for  delivery  into  organelles 
such  as  mitochondria,  lysosomes  or  microsomes  is  an  attractive  one. 
Indeed,  it' is  now  beginning  to  appear  that  one  human  genetic  disease, 
I-cell  disease,  is  caused  by  a  defect  in  the  post-synthesis  modifi- 
cation of  proteins  for  incorporation  into  lysosomes.   The  discovery 
of  a  protein  (egasyn)  which  directs  the  incorporation  of  an  enzyme 
into  microsomal  membranes  (described  below)  further  supports  this 
concept. 

The  work  described  below  has  broad  biological  significance.   The 
concepts  deriving  from  it  will  be  broadly  applicable  to  an  under- 
standing of  the  construction  of  membranes,  organelles  and  viruses. 
In  a  larger,  and,  as  yet,  less  well-defined  way,  this  work  is 
expected  to  contribute  to  an  understanding  of  the  biological  programs 
for  the  development  of  an  adult  organism  from  a  fertilized  egg. 

b.  The  Assembly  of  a  Virus:   GM  17980   (Dr.  Jonathan  King) 

A  number  of  experiments  with  complex  bacteriophages  such  as  A  and 
T4  have  shown  that  some  proteins  required  for  virus  assembly  are 
absent  in  the  mature  virus.   In  addition,  proteolytic  cleavage  and 
even  covalent  fusion  of  structural  proteins  have  been  shown  to 
accompany  the  assembly  process. 

King  and  Kasjens  identified  such  "assembly  protein"  (P8)  for  bac- 
teriophage P22.   While  a  major  component  of  "empty  head  structures", 
it  disappears  as  DNA  is  encapsulated.   They  feel  that  the  protein 
has  a  "scaffolding  function"  because  there  are  some  200  such  molecules 
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involved  per  virus  capsid,  because  mutant  viruses  in  which  this 
protein  is  defective  have  aberrant  structures,  and  because  the 
electron  microscope  shows  that  P8  is  inside  of  the  outer  capsid 
protein,  and  in  close  apposition  to  it.   Any  one  P8  molecule  may 
participate  in  the  synthesis  of  several  viruses. 

There  are  speculations  that  P8  may  also  be  involved  in  DNA  pack- 
aging.  It  is  still  a  mystery  how  an  extended  DNA  molecule  can  be 
condensed  into  the  compact  phage  head.   The  speculation  is  that 
DNA  entry  is  directly  coupled  with  the  exit  of  P8  protein,  which 
may  expose  charged  sites  within  the  head,  serving  to  collapse  the 
DNA. 

c-   Extrinsic  Factors  in  Ribosome  Assembly:   GM  19203  (Dr.  Paul  Sypherd) 

Some  years  ago,  Dr.  Sypherd' s  group  initiated  studies  on  the 
possible  role  of  extrinsic  factors  in  ribosome  assembly.   Bacterial 
mutants  which  could  not  complete  the  assembly  of  ribosomes  were 
found  (these  are  "conditional  mutants"  which  exhibit  the  defect 
under  certain  "non-permissive"  conditions;  complete  absence  of  ribo- 
somes is  incompatible  with  life.)  Protein  factors  were  found  in 
"wild  type"  strains  which  were  capable  of  promoting  the  completion 
of  ribosome  subunits  from  incomplete  particles  found  in  the  mutants. 
This  is  the  first  direct  evidence  for  the  existence  of  assembly  - 
or  morphoetic  -  factors  which  catalyze  ribosome  assembly  in  a 
manner  similar  to  the  assembly  of  bacteriophages.   Continuing  char- 
acterization of  the  nature  of  the  mutations  and  the  assembly  factors 
is  in  progress. 

d.   Egasyn,  a  Membrane  Anchor  Protein:   GM  19521  (Dr.  Kenneth  Paigen) 

Mouse  p  -glucuronidase  is  one  of  the  very  few  enzymes  known  to 
have  dual  localization  in  cells.   In  several  organs,  such  as  liver 
and  kidney,  it  is  found  both  as  a  soluble  form  in  the  lysosomes,  and 
as  a  membrane-bound  form  in  microsomes.   Both  forms  of  the  enzyme 
are  specified  by  the  same  structural  gene.   However,  a  second  gene 
is  required  to  incorporate  the  enzyme  into  the  microsomal  membrane 
complex.   A  mouse  strain  defective  in  this  gene  contains  only  the 
lysosomal  form,  but  not  the  microsomal  form.   This  suggests  that 
there  must  be  some  kind  of  post-synthesis  modification  of  the  enzyme 
which  permits  it  to  be  incorporated  into  the  membrane.   What  is  the 
nature  of  this  modification,  and  of  the  gene(s)  involved? 

Dr.  Paigen' s  group  has  recently  investigated  the  difference  between 
the  two  forms  of  the  enzyme.   Both  forms  are  tetramers,  each  composed 
of  four  identical  subunits.   However,  there  are  some  subtle  differ- 
ences between  the  two  forms,  suggesting  some  modification  of  the 
basic  subunit.   In  addition,  the  microsomal  form  is  always  found 
complexed  with  one  to  four  additional  protein  chains,  which  were 
named  egasyn  (ega,  for  endoplasmic  glucuronidase;  syn,  from  the 
Greek  root  "to  hold  together"). 
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The  protein  egasyn  appears  to  be  very  hydrophobic,  a  property 
that  permits  it  to  couple  readily  with  lipid-rich  membranes.   The 
whole  molecule  appears  to  fulfill  a  similar  function  as  the  hydro- 
phobic peptide  regions  found  in  some  other  membrane-bound  proteins, 
including  several  of  the  cytochromes.   Such  observations  strongly 
suggest  that  the  utilization  of  specialized  hydrophobic  anchor 
proteins  such  as  egasyn  may  be  a  general  mechanism  for  the  associ- 
ation of  enzymes  with  membranes,  especially  those  like  y   -glucuronidase 
that  are  very  polar. 

The  specific  advantage  of  the  mouse  0  -glucuronidase  system  is  that 
both  the  tools  of  genetic  analysis  and  of  protein  chemistry  are 
available  here.   This,  then,  is  the  beginning  of  an  approach  to 
determine  how  genes  specify  the  structure  and  composition  of  membranes. 

DNA  and  Chromosome  Damage  and  Repair  in  Human  Cells:   Relationships 
to  the  Environment,  Cancer,  and  Genetic  Disease  . 

a.   Introduction 

"It  has  become  increasingly  clear  in  recent  years  that  man  is 
environmentally  exposed  to  a  wide  variety  of  chemicals,  some 
of  which  are  mutagens  (agents  that  induce  mutations) .   The 
possibility  therefore  exists  that  human  beings  may  be  exposed, 
now  or  in  the  near  future,  to  chemicals  with  individually  or 
collectively  powerful  mutagenic  effects  ....  it  is  crucial  to 
identify  potential  mutagens  before  they  can  induce  genetic 
damage  in  the  population  at  large:   sensitive  and  reliable  test 
systems  are  needed  which  can  be  used  to  screen  large  numbers 
of  potential  mutagens.   Since  trace  chemicals  that  have  passed 
imperfect  screening  systems  might  still  produce  weak  but 
cumulatively  important  mutagenic  effects,  it  is  also  important 
to  develop  efficient  methods  for  monitoring  human  populations 
for  abnormalities  likely  to  have  arisen  from  mutation." 
(Quoted  from  a  review  article,  "Environmental  Mutagenic  Hazards," 
prepared  by  a  committee  appointed  by  the  Council  of  the  Environ- 
mental Mutagen  Society,  Science  187,  pp.  503-514,  1975.) 

The  authors  stress  that  mutations  most  often  occur  in  somatic  cells 
(as  opposed  to  germ  line  cells,  where  the  effects  would  be  transmitted 
to  offspring) .   While  there  appears  to  be  a  very  close  correlation 
of  this  kind  of  mutation,  and  carcinogenesis,  mutations  in  the  germ 
line  cells  may  be  of  equal  or  greater  importance. 

Thus,  mutations  may,  by  resulting  in  cancer,  be  catastrophic  to  the 
individual,  or  more  insidiously,  result  in  an  increased  incidence 
of  genetic  disease,  or,  through  many  minor  mutations,  a  general 
decrease  in  overall  health.   The  two  latter  effects  may  become  evi- 
dent only  some  generations  after  exposure. 
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An  as  yet  poorly  understood  area  in  mutation  research  is  that  of 
possible  genetic  differences  among  individuals  in  susceptibility 
to  mutagens.   In  man  there  is  already  some  indication  that  some 
individuals  may  be  unusually  susceptible.   For  example,  there  are 
genetic  differences  in  the  inducibility  of  the  enzyme  aryl  hydro- 
carbon hydroxylase  (Shaw,  GM  15597,  as  described  in  the  FY  1973 
annual  report).   This  variation,  probably  due  to  a  single  gene 
polymorphism,  may  be  of  great  importance  in  determining  suscepti- 
bility to  lung  cancer  (and  presumably,  therefore,  to  a  causal 
mutagenic  event).   There  are  also  a  number  of  infrequent  genetic 
diseases,  such  as  xeroderma  pigmentosum,  Bloom's  syndrome,  Fanconi  s 
anemia,  and  progeria  that  appear  to  alter  human  susceptibility  to 
mutagens.   All  of  these  conditions  result  in  increased  frequencies 
of  both  chromosome  damage  and  carcinogenesis. 

In  general,  the  projects  in  this  area  which  are  supported  by  the 
program  are  aimed  at  a  better  basic  understanding  of  the  mechanism 
of  mutagenesis.   Much  applied  mutation  research  is  directly  within 
the  mission  and  more  appropriately  supported  by  other  federal 
agencies  such  as  the  EPA,  FDA,  NCI,  and  NIEHS.   Not  surprisingly, 
however,  there  are  occasions  when  the  work  of  our  grantees  becomes 
more  relevant  to  current  problems  than  was  originally  anticipated. 
Several  such  examples  are  cited  below. 

b.   Screening  for  Chromosome  Damage  and  Repair:   GM  21121  (  Dr. 
Samuel  Latt) 

A  abnormal  rate  of  chromosome  breakage  has  been  attributed  to  drugs 
and  common  household  agents  (recently,  spray  adhesives  and  vinyl 
chloride).   Sensitive,  simple  tests  for  the  action  of  such  agents 
have  not  been  generally  available.   Dr.  Latt's  recent  paper  (Sister 
Chromatid  Exchanges,  Indices  of  Human  Chromosome  Damage  and  Repair: 
Detection  by  Fluorescence  and  Induction  by  Mitomycin  C. ,  PNAS  71, 
3162-3166,  August  1974)  suggests  a  simple  approach: 

The  dye  33258  Hoechst  binds  to  DNA.   Human  metaphase  chromosomes 
stained  with  this  agent  fluoresce.   The  fluorescence  is  quenched 
if  the  thymidine  analog  5-bromodeoxyuridine  (BrdU)  is  incorporated 
into  the  DNA.   Metaphase  chromosomes  that  have  replicated  twice  in 
medium  containing  BrdU  have  chromatids  with  markedly  different 
fluorescence  intensities  when  stained  with  33258  Hoechst.   This  is 
consistent  with  the  semi-conservative  distribution  of  newly  repli- 
cated DNA  between  sister  chromatids,  as  previously  demonstrated 
by  autoradiography.   Sharp  reciprocal  alterations  in  fluorescence 
intensity  along  chromosomes  after  at  least  two  cycles  of  BrdU  incor- 
poration signal  sister  chromatid  exchange  (see  diagram),  and  this 
phenomenon  is  a  clear  indicator  of  chromosome  breakage  and  repair. 
(BrdU  itself  causes  some  chromosome  breakage  and  repair,  increasing 
the  natural  background  of  this  phenomenon  by  a  small  amount.   This 
has  little  or  no  effect  on  the  sensitivity  of  the  method.) 
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/     /  bright  fluorescence 


////////   quenched  by  BrdU 


An  increase  in  the  frequency  of  sister  chromatid  exchanges  has  been 
detected  in  cells  exposed  for  three  days  to  as  little  as  .003  ug/ml 
mitomycin  C  In  contrast,  the  concentrations  of  this  agent  required 
to  generate  visible  chromosome  breaks  range  from  0.1  to  1.0  ug/ml. 
The  difference  reflects  the  fact  that  most  chromosome  breaks  are 
repaired  and  the  process  of  repair  often  results  in  sister  chromatid 
exchanges. 

The  importance  of  the  phenomenon  studied  by  Latt  depends  on  its 
potential  as  a  rapid  and  sensitive  assay  system.   Sister  chromatid 
exchanges  are  produced  by  a  number  of  agents  that  damage  DNA.   In 
addition  to  mitomycin  C,  Latt  has  demonstrated  an  effect  with  nitro- 
gen mustards.   Also,  agents  that  inhibit  repair  processes  (but  do 
not  themselves  cause  breaks),  such  as  caffeine,  can  be  studied. 
Latt  suggests  that  other  agents  previously  examined  for  their 
ability  to  cause  gross  structural  aberrations  might  be  re-examined 
by  this  more  sensitive  technique.   The  technique  may  also  serve 
to  increase  our  understanding  of  disease  states,  including  those 
predisposing  to  chromosome  fragility  and  often  associated  with 
neoplasia.   For  example,  other  investigators  employing  this  new 
technique  have  demonstrated  a  marked  increase  of  sister  chromatid 
exchanges  in  cells  from  patients  with  Bloom's  syndrome,  a  genetic 
condition  predisposing  to  cancer. 

c.   The  Characterization  of  DNA  Lesions  Produced  by  Mutagens: 
GM  07818  (Dr.  Bernard  Strauss) 

Dr.  Strauss  seeks  to  understand  the  response  of  mammalian  cells  to 
treatment  with  mutagenic  agents.   He  has  tried  to  separate  mutagen- 
esis into  three  processes: 

1.  The  reactions  of  mutagens  and  DNA 

2.  The  enzymatic  response  to  altered  DNA 

3.  The  fixation  and  expression  of  the  mutation 

The  project  has  focused  on  the  nature  of  the  enzymatic  repair  pro- 
cesses which  follows  the  induction  of  DNA  lesions  with  mutagens. 
Key  to  this  work  are  simple  methods  which  distinguish  between 
normal  replication  of  DNA  (i.e.  semi-conservative  replication  prior 
to  mitosis  and  cell  division)  and  non-semi-conservative  DNA  repair 
synthesis  which  is  a  consequence  of  insults  to  DNA  by  mutagenic 
agents.   A  simple  column  technique  has  been  developed  which  can 
separate  cleanly  the  different  DNA  classes  produced  by  these  two 
processes.   The  sensitivity  of  the  new  technique  is  enhanced  by 
using  inhibitors  of  normal  replication,  such  as  hydroxyurea. 
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Dr.  Strauss  believes  that  there  are  important  relations  between 
the  relative  rates  of  normal  DNA  replication  and  replication 
repair.   The  DNA  lesions  of  some  mutagenic  agents  are  rapidly 
corrected,  those  of  others  are  not.   If  normal  DNA  synthesis 
replicates  a  region  before  it  is  corrected,  a  mutation  will  be 
fixed.   Thus,  compounds  that  inhibit  DNA  repair  will  be  co-mutagens 
and  possibly  co-carcinogens.   Similarly,  the  increased  suscepti- 
bility to  mutagens  and  carcinogens  of  persons  with  the  condition 
xeroderma  pigmentosum  is  due  to  the  poor  ability  of  their  cells 
to  repair  such  lesions. 

The  methodology  that  has  been  developed  by  this  group  will  be 
particularly  useful  for  such  studies,  and  may  also  be  useful  in 
screening  for  mutagens  and  co-mutagens. 

d.   Mutagenesis  and  Repair:   Relation  to  an  Auto- Immune  Disease, 
and  to  Drug  Therapy  GM  20631  (Dr.  Marvin  Legator) 

The  objectives  of  this  project  are  to  refine  the  methodology  for 
measuring  "unscheduled  DNA  synthesis"  (synonymous  with  "non-semi- 
conservative  DNA  repair  synthesis",  as  used  above).   Dr.  Legator 
is  seeking  to  define  the  normal  levels  of  DNA  repair  synthesis 
before  and  after  mutagen  treatment  of  cells,  to  determine  possible 
age  and  sex  differences,  and  to  measure  repair  processes  in  various 
disease  states.   In  addition,  Dr.  Legator's  group  seeks  to  evalu- 
ate and  improve  some  of  the  other,  more  standard  methodologies  for 
mutagenesis'  testing.   Within  the  past  year,  this  has  led  to  two 
interesting  and  medically  important  findings. 

1.  Systemic  Lupus  Erythematosus:   SLE  is  a  chronic  autoimmune 
disease  whose  causes  are,  as  yet,  poorly  understood.   However, 
there  is  some  suggestion  of  genetic  predisposition,  derived  from 
both  studies  on  the  families  of  patients,  and  animal  model  systems. 
Dr.  Legator's  group  has  now  found  that  patients  with  this  condi- 
tion (like  those  with  xeroderma  pigmentosum,  a  far  more  rare 
condition)  exhibit  a  marked  deficiency  in  the  ability  of  their 
cells  to  repair  damaged  DNA.   This  is  clearly  related  to  an  older 
finding  that  patients  with  SLE  have  antibody  to  single-stranded 
DNA,  since  single-stranded  DNA  regions  are  a  product  of  excision 
of  damaged  DNA,  prior  to  repair  synthesis.   The  finding  may  be  a 
clue  to  the  basic  defect  responsible  for  the  disease. 

It  is  interesting  that  this  marked  reduction  of  a  DNA  repair  system 
is  found  only  in  newly  diagnosed  patients.   Steroid  therapy  both 
alleviates  the  symptoms  of  the  disease  and  restores  the  DNA.  repair 
system  to  near  normal  levels. 

2.  The  Potential  Mutagenicity  of  a  Drug:   It  has  long  been  recog- 
nized that  environmental  chemicals,  including  drugs,  are  quite 
commonly  metabolized  by  the  body  to  other  forms.   In  some  cases 
the  metabolized  forms  may  result  in  unexpected  side  effects, 
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including  mutations.   Indeed,  such  biotransformations  have  long  % 

been  a  concern  of  the  Institute's  Pharmacology-Toxicology 

Program. 

The  drug  flagyl  (metronidazole)  is  often  used  (around  2  million 
prescriptions  per  year)  to  control  Trichomonas  vaginalis,  a  common 
pathogen  of  the  urogenital  tract.   Dr.  Legator's  group  has  found 
that  the  urine  of  patients  receiving  therapeutic  doses  of  this 
drug  contains  mutagens,  when  tested  on  a  bacterial  screening  system.        M 
The  mutagenicity  of  the  metabolized  agent  appears  to  be  some 
50-60  times  greater  than  that  of  the  parent  drug,  which  has  been 
recognized  for  some  time  as  being  mildly  tumorigenic. 

This  study  emphasizes  some  current  problems  in  applied  mutagenesis 
research.   Biotransformations  of  administered  compounds  are 
common.   Mutation  researchers  have  responded  to  this  fact  by 
attempting  to  induce  such  changes  in  in  vitro  systems  with  a 
variety  of  mammalian  tissue  extracts,  prior  to  testing  in  bacter- 
ial indicator  strains.   In  this  case,  such  procedures  did  not* 
detect  the  increased  mutagenicity. 

Although  the  project  is  supported  by  the  Genetics  Program,  it 

clearly  is  developing  some  facets  relevant  to  the  interests  of  the 

Institute's  Pharmacology-Toxicology  Program.   Such  connections  in 

science  are  recognized,  and  are  reflected  by  parallel  interactions 

at  the  Institute  staff  level.  A 

Vinyl  Chloride  Exposure  and  Human  Chromosome  Aberrations: 
GM  19443  (Dr.  Kurt  Hirschhorn) 

Research  in  clinical  cytogenetics  tends  to  be  more  "applied"  than 

many  of  the  other  research  areas  supported  by  the  program.   This 

is  because  the  cytogeneticist  receives  much  of  his  potential  research 

material  as  a  by-product  of  medical  screening  of  individuals  and 

populations.   The  routine,  patient-oriented  cytogenetics  service 

laboratory  acts  as  a  "filter"  for  the  selection  of  what  may 

be  unique  human  material  for  research.   In  the  example  below,  an 

acute  problem  in  environmental  health  has  raised  broader  issues 

related  to  the  mode  of  action  of  carcinogens  and  assays  for  their 

detection.   In  that  sense,  it  is  "research  in  progress." 

Within  the  past  year,  a  new  industrial  carcinogen  has  been  identi- 
fied.  Vinyl  chloride,  the  monomer  used  for  the  production  of  the 
common  polymer  polyvinylchloride,  has  been  held  responsible  for  at 
least  22  cases  of  angiosarcoma  of  the  liver  in  exposed  factory 
workers.   There  is  an  additional  suggestion  of  increased  risk  for 
other  types  of  cancer.   Since  an  association  between  clastrogenicity 
(chromosome-breaking  activity)  and  carcinogenesis  has  been  estab- 
lished for  other  agents,  it  appeared  that  this  new  carcinogen  may 
also  cause  chromosome  damage.   In  a  well  controlled  study,  the 
peripheral  white  blood  cells  of  11  exposed  subjects  did  indeed  * 

show  a  significantly  increased  number  of  chromosome  breaks.  * 
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This  study  involved  only  a  small  sample,  and  additional  pros- 
pective studies  will  need  to  be  done.   However,  it  did  raise 
one  important  research  question:   "Can  chromosome  damage  studies 
be  at  all  predictive  of  environmentally  induced  carcinogenesis?" 
Ionizing  radiation  and  now  vinyl  chloride  exposure  have  been 
studied  for  genetic  properties  after  association  with  induced 
neoplasms.   If  we  can  reverse  the  order  of  events,  perhaps  in 
animal  studies,  we  will  know  with  more  certainty  if  chromosome 
examination  has  an  important  role  to  play  in  the  prevention  of 
environmental  carcinogenesis. 

The  work  described  above  was  a  collaborative  effort  supported 
by  a  grant  to  Dr.  Irving  Selikoff  from  the  National  Institute 
of  Environmental  Health  Sciences,  and  by  NIGMS  and  NICHD  grants 
to  Dr.  Kurt  Hirschhorn's  group  at  Mount  Sinai  Medical  School, 
New  York  City.   The  NIGMS-supported  portion  represents  one 
component  of  work  supported  by  an  NIGMS  Genetics  Center  Grant. 

CONTRACTS 

1.   The  Human  Mutant  Cell  Repository  (N01-GM- 3-2112) 

Contractor:   The  Institute  for  Medical  Research,  Camden,  N.  J. 
Principal  Investigator:   Dr.  Lewis  L.  Coriell 
Funds  in  FY  1975:   $264,951 
Period:   4/1/75  -  12/31/75 

This  contract  was  awarded  to  establish  and  maintain  a  reposi- 
tory of  viable  human  cells  in  tissue  culture,  representing  a 
spectrum  of  human  genetic  diseases.   Such  cultures  are  dis- 
tributed to  the  scientific  community  in  order  to  facilitate 
research  and  teaching  in  human  and  clinical  genetics.   Users 
are  charged  a  nominal  fee  for  cultures,  primarily  in  order  to 
prevent  abuse  of  this  service,  and  to  permit  an  assessment  of 
real  demand. 

The  contract  has  now  begun  its  fourth  year  of  operation.   It 
is  already  clear  that  the  facility  is  an  increasingly  impor- 
tant stimulus  to  clinical  genetics  research.   The  most  recent 
catalog  (December  1974)  lists  331  cultures  which  are  available 
for  distribution.   This  list  represents  single-gene  defects, 
chromosome  aberrations,  normal  control  cell  lines,  and  some 
animal  cell  lines  used  in  gene  mapping  studies.   Types  of  cell 
lines  include  fibroblasts,  lymphoid  cell  lines,  and  several 
lines  derived  from  human  amniotic  fluid  cells. 

As  both  user  information  about  the  facility,  and  the  size  and 
utility  of  the  collection  continue  to  grow,  the  number  of  ship- 
ments to  users  has  continued  to  increase.   As  of  March  31,  1975, 
1,415  cultures  had  been  shipped  during  the  three- year  contract 
period.   Almost  60  percent  of  these  were  made  during  the  third 
year.   The  current  pattern  of  shipments  indicates  that  more 
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than  half  of  these  shipments  are  to  users  in  academic  institutions, 
with  the  remainder  sent  to  nonprofit  institutions  (23%),  government 
laboratories  (16%)  and  profit-making  institutions  (10%).   About  10 
percent  of  the  shipments  are  made  to  laboratories  abroad,  including 
Canada,  West  Germany,  England,  France,  Sweden,  and  Australia. 

Much  of  the  success  of  the  program  can  be  attributed  to  continuing 
interactions  of  Genetics  Program  consultants  and  staff  with  the 
contractor.   A  key  element  has  been  the  in-depth  advice  provided 
by  the  Mammalian  Cell  Lines  Committee.   This  has  resulted  in  the 
appointment  of  "curators"  from  academic  institutions  to  oversee 
the  assemblage  of  specific  portions  of  the  collection,  a  careful 
review  of  overall  balance,  a  geographically  separate  "safety  backup" 
for  the  holdings  of  the  collection,  the  design  of  appropriate  user 
guidelines,  and  agreements  to  control  potential  biohazards,  and 
the  publication  (particularly  in  the  journal  "Cytogenetics  and  Cell 
Genetics")  of  detailed  descriptions  of  a  number  of  the  more  unusual 
cultures  that  are  available. 

The  utility  of  tissue  cultures  not  only  to  problems  of  genetic 
disease,  but  to  other  medical  problems  is  perhaps  best  illus- 
trated by  the  fact  that  a  parallel  contract  to  IMR,  specifically 
devoted  to  cell  lines  relevant  to  research  on  aging,  is  now  being 
established  by  the  National  Institute  on  Aging.   In  view  of  the 
fact  that  the  two  collections  may  represent  somewhat  overlapping 
interests,  care  will  be  taken  to  avoid  duplication  of  holdings 
by  maintaining  close  communication  between  the  two  programs. 

During  FY  1975,  two  new  initiatives  for  the  repository  have  been 
reviewed  and  adopted  by  the  Mammalian  Cell  Lines  Committee,  and 
accepted  by  the  Institute: 

a.   A  Diabetes  Cell  Collection 

This  will  represent  a  departure  from  the  usual  criteria  for  in- 
clusion of  cell  lines  in  the  repository.   Unlike  most  conditions 
represented  by  tissue  cultures  in  the  repository,  diabetes  is 
poorly  defined  genetically,  and  a  specific  metabolic  defect 
cannot,  as  yet,  be  demonstrated  in  culture.   This  departure  was 
recommended  in  view  of  the  importance  of  the  disease,  and  because 
of  the  possibility  that  there  are  both  genetic  and  non-genetic 
(viral?)  causes  for  this  disorder.   Because  of  the  probably  great 
heterogeneity  of  diabetes,  rigid  criteria  will  be  necessary  for 
acceptance  of  biopsy  specimens.   This  portion  of  the  repository 
will  be  an  initial  "seed  collection"  encompassing  a  maximum  of 
about  50  lines. 

Dr.  Joseph  G.  Goldstein,  a  member  of  the  Mammalian  Cell  Lines 
Committee,  has  agreed  to  serve  as  curator  of  this  collection. 
Mechanisms  to  publicize  the  existence  of  the  collection  to  inves- 
tigators in  diabetes  research  are  under  consideration.  As  a  first 
step,  the  National  Diabetes  Commission  was  informed  of  our  plans 
for  this  activity. 
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b.   Hybrid  Clone  Panels  for  Gene  Mapping 

The  techniques  of  somatic  cell  genetics  now  permit  the  assign- 
ment of  genes  for  specific  human  proteins,  including  enzymes, 
to  one  of  the  22  pairs  of  human  chromosomes,  or  to  the  X-chromosome. 
A  panel  of  eight  carefully  selected  mouse-human  hybrid  cell  lines, 
each  containing  a  complete  complement  of  mouse  chromosomes  and  a 
partial  complement  of  human  chromosomes,  and  also  the  parental 
mouse  and  human  cell  lines,  as  controls,  are  required.   Provided 
that  a  protein  directed  by  a  human  gene  can  be  discriminated 
from  its  mouse  counterpart,  such  cell  lines  would  be  most  useful 
to  the  many  laboratories  now  engaged  in  the  genetics  and  biochem- 
istry of  man,  permitting  them  to  unambiguously  localize  genes  to 
chromosomes.   The  distribution  of  such  materials  would  facilitate 
more  rapid  progress  in  the  mapping  of  human  genes,  since  at  present 
this  is  only  possible  in  a  few  specialized  laboratories  for  somatic 
cell  genetics. 

During  FY  1976,  the  contractor  will  begin  to  prepare  such  materials. 
Since  mouse-human  hybrid  cell  lines  are  generally  not  stable  with 
respect  to  their  human  chromosome  complement,  mass  cell  cultures 
would  generally  be  characterized,  and  then  distributed  as  lyophil- 
ized  ampules  or  frozen  cell  pellets,  rather  than  as  cell  cultures 
for  further  amplification. 

This  work  will  proceed  under  the  supervision  of  Dr.  Frank  Ruddle, 
an  active  investigator  in  somatic  cell  genetics,  and  a  member  of 
the  Mammalian  Cell  Lines  Committee. 

2.   Survey  of  Genetic  Registries  (NIH-75-C-11) 

Contractor  and  Principal  Investigator:   Dr.  Dilys  M.  Parry 
Funds  in  FY  1975:   $19,000 
Period:   8/1/74-6/30/75 

Records  of  individuals  affected  by  genetic  disease  are  maintained 
for  a  variety  of  reasons,  such  as  improved  health  services  for 
the  individuals  or  families,  research,  or  a  combination  of  these. 
The  diverse  purposes  for  which  these  records  are  maintained  are 
reflected  in  the  heterogeneity  of  their  organization  and  informa- 
tion content.   Some  contain  information  on  the  populations  of 
large  geographical  regions  (e.g.,  Indiana,   Oregon) ,  some  deal 
with  specific  population  groups  (e.g.  Amish) ,  some  concern  specific 
disease  entities  (e.g.  cystic  fibrosis  or  more  heterogeneous 
conditions  such  as  mental  retardation  or  deafness)  and  others 
are  essentially  specialized  hospital  records. 

Because  these  records  serve  an  important  function  in  human  and 
clinical  genetics  research,  and  because  they  serve  as  tools  for 
bettering  health  care  at  many  different  levels,  we  felt  that  a 
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comprehensive  assessment  of  their  current  state  was  in  order. 
The  two  primary  motivations  for  this  contract  were  (1)  to 
permit  NIGMS  to  formulate  policy  decision  on  the  possible 
funding  of  genetic  registries  as  resources  and  tools  for 
research,  and  (2)  to  aid  the  scientific  and  medical  community 
by  providing  a  comparison  of  various  registries,  their  organi- 
zation and  utility.   To  accomplish  objective  2,  the  results  of 
the  study  are  to  be  published.   In  order  to  attain  these  goals, 
the  present  contract  has  been  concerned  with  determining: 
(a)  the  number  and  extent  of  centrally  organized  medical  genetics 
record  systems  and  registries  (data  banks) ,  (b)  the  methodology 
and  content  of  each,  and  (c)  the  uses  to  which  they  are  put. 

The  contractor,  Dr.  Dilys  Parry,  has  spent  the  past  year  in 
gathering  information  on  the  uses  of  existing  medical  genetics 
records  and  registries.   This  was  done  primarily  through  personal 
interviews  with  geneticists,  and  library  research. 

It  is  now  apparent  that  proper  evaluation  of  the  very  extensive 
record  systems  that  exist  will  take  additional  time.   Furthermore, 
we  have  begun  to  realize  that  such  a  study  would  increase  in 
usefulness  if  it  included  an  analysis  of  legislation  which  limits 
the  formation  and  utilization  of  registries  in  order  to  protect 
privacy  and  confidentiality  of  the  data.   Accordingly,  the  contract 
is  being  extended  for  the  period  July  2,  1975,  to  December  31,  1975. 
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4 


PHARMACOLOGY-TOXICOLOGY  PROGRAM 


INTRODUCTION 

The  Pharmacology-Toxicology  Program,  now  in  its  tenth  year,  continues  to 
expand  and  grow.   The  program  now  embraces  all  aspects  of  drug-related 
research  from  synthesis  and  development  of  new  pharmacologically  active 
chemical  structures,  through  elucidation  of  the  mechanisms  and  sites  of 
action  of  drugs,  to  improvement  of  therapeutic  approaches.   The  multidisci- 
plinary  nature  of  drug  research  calls  for  the  participation  of  chemists, 
basic  and  clinical  pharmacologists  and  toxicologists,  and  computer  scien- 
tists, as  well  as  clinical  specialists  in  diverse  areas. 

The  objective  of  the  program  is  to  improve  the  effectiveness  and  safety  of 
drugs  used  in  the  diagnosis,  prevention,  and  treatment  of  disease.   Adverse 
reactions  and  the  effectiveness  of  drugs  are  being  monitored  in  a  large 
population,  and  mechanisms  of  toxicity  and  effective  methods  of  treatment 
are  being  extensively  studied. 

RESEARCH  OVERVIEW 

Work  in  the  area  of  drug  design  is  continuing.   Selective  inhibition  of 
certain  protease  enzymes  involved  in  the  clotting  of  blood  and  dissolving 
of  blood  clots  is  being  sought.   These  early  basic  studies  are  promising 
and  may  provide  the  basis  for  developing  new,  effective  therapeutic  agents. 

Advances  continue  to  be  made  in  clinical  studies  on  new  drugs  and  new  uses 
for  old  drugs.  Lidocaine  has  been  useful  parenterally  in  the  treatment  of 
certain  cardiac  arrhythmias.  A  synthetic  analog  of  lidocaine  has  recently 
been  developed  which  promises  to  have  a  longer  half -life  and  to  be  effective 
orally.  It  has  also  been  determined  that  a  potent  metabolite  of  lidocaine 
may  be  equally  as  useful  as  the  parent  drug  because  of  a  longer  duration  of 
action. 

In  the  treatment  of  hypertension,  the  combined  use  of  propranolol  with 
minoxidil  appears  to  be  advantageous.   Azaribine,  developed  in  basic  labora- 
tory studies,  continues  to  be  so  promising  in  the  treatment  of  psoriasis  and 
psoriatic  arthritis  that  it  will  probably  be  marketed  this  fall  as  a  pre- 
scription drug.   For  the  first  time,  thoracic  duct  drainage  of  lymphocytes 
in  patients  with  scleroderma  has  resulted  in  improvement.   This  procedure 
has  been  a  qualified  success  under  rigorous  experimental  conditions  and 
may  provide  the  basis  for  design  and  development  of  a  new  pharmacological 
agent . 

Clinical  monitoring  studies  have  given  reassuring  evidence  that,  for  the 
most  part,  the  majority  of  marketed  drugs  are  safe   and  effective  individu- 
ally and  under  the  usual  conditions  of  use.   On  the  other  hand,  some  adverse 
effects  have  been  noted.   For  example,  the  use  of  the  antihypertensive  agent, 
reserpine,  has  been  reported  to  be  associated  with  an  increased  incidence  of 
breast  cancer;  studies  are  under  way  now  to  determine  whether  or  not  this  is 
a  valid  finding. 
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Analytical  methodology  and  studies  on  the  metabolism  of  drugs  continue  to 
provide  information  which  can  be  used  to  design  safer  and  more  effective 
dosage  schedules.   Such  studies  provide  tools  for  the  pharmacokinetic  models 
which  yield  predictive  dosage  information,  taking  into  account  factors  such 
as  disease,  age,  sex,  weight,  plasma  protein  levels,  and  drug  binding. 

MANPOWER 

With  the  passage  of  the  National  Research  Service  Act  on  July  12,  1974,  a 
new  policy  was  initiated  which  superseded  all  previous  authorizations  for 
training.   The  new  National  Research  Service  Awards  may  be  made  in  limited 
subject  areas  for  which  there  is  a  demonstrable  need  for  trained  personnel. 
The  determination  of  these  areas  was  made  this  year  by  the  NIH,  but  in  future 
years  these  will  be  determined  by  the  National  Academy  of  Sciences. 

In  the  areas  relevant  to  the  Pharmacology-Toxicology  Program,  ind'iv'idual 
postdoctoral  fellowships  were  awarded  to  individuals  whose  proposed  training 
was  in  the  area  of  pharmacological  science,  including  medicinal  chemistry. 
In  addition,  'Lnst'itut'ionaZ   awards  were  made  for  postdoctoral  programs  in 
clinical  pharmacology.   Institutional  predoctoral  awards  were  made  for  broad, 
interdisciplinary  training  in  pharmacological  sciences.   The  multidisciplinary 
aspects  of  training  for  predoctoral  students  in  the  pharmacological  sciences 
have  been  emphasized  to  provide  a  broad  background  for  trainees  through 
exposure  to  disciplines,  other  than  traditional  pharmacology,  which  are  rele- 
vant to  pharmacological  sciences.   This  type  of  training  includes  research 
opportunities  in  other  collaborating  departments  as  well  as  integration  of 
students  from  departments  other  than  pharmacology  into  the  training  program. 

Following  announcement  of  the  new  training  program  in  December  1974,  64 
applications  for  institutional  support  were  received  by  NIGMS  in  the  areas 
of  pharmacological  science  and  clinical  pharmacology.   Following  review  by 
the  Pharmacology-Toxicology  Research  Program  Committee  or  the  Division  of 
Research  Grants  and  the  National  Advisory  General  Medical  Sciences  Council, 
39  awards  were  made  for  institutional  programs.   A  total  of  about  $1.5  million 
from  1975  appropriations  is  supporting  approximately  150  trainees  at  levels 
ranging  from  beginning  graduate  students  to  postresidency  clinical  pharma- 
cology fellows.   In  future  years,  the  number  of  trainees  will  increase  to 
approximately  300.   In  addition,  17  new  individual  postdoctoral  fellowships 
were  funded  at  about  $225,000. 

Although  the  National  Research  Service  Act  supersedes  all  previous  authority 
for  training  support,  commitments  made  in  the  past  for  training  grants  and 
the  Weinberger  training  programs  (initiated  last  year)  will  be  honored  for 
the  remainder  of  their  project  periods.   During  FY  75,  49  awards  were  made 
to  these  "old"  training  grants  at  a  level  of  over  $3  million  for  support  of 
about  350  individuals.  These  programs  will  be  phased  out  at  the  end  of 
their  current  project  periods,  and  within  two  years  60  per  cent  of  them  will 
have  terminated. 

In  FY  75,  6  institutional  clinical  pharmacology  training  grants  were  initiated 
under  the  previous  authority  and  funded  at  a  level  of  about  $500,000.  These 
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grants  provide  support  for  14  postdoctoral  trainees.  Similarly,  9  individual 
postdoctoral  fellowships  were  awarded  in  the  areas  of  toxicology  and  clinical 
pharmacology  for  a  total  of  about  $65,000. 

A  total  of  70  continuation  awards  were  made  to  individual  fellows  in  the  "old" 
program  during  FY  75.   Currently,  these  fellowships  are  funded  at  a  level  of 
about  $450,000. 

Pharmacology  Research  Associate  Program 

This  intramural  program  provides  two  years  of  postdoctoral  research  training 
at  NIH  to  carefully  selected  candidates.   The  total  number  of  associates  in 
training  continues  at  the  previous  level  of  18,  with  9  in  each  year. 

Research  Career  Development  Awards 

As  an  advanced  training  effort,  the  Pharmacology-Toxicology  Program  provided 
support  for  32  individuals  (about  $700,000)  during  FY  75.   These  awards 
assist  in  the  development  of  the  research  capability  of  promising  young 
faculty  members  investigating  a  variety  of  pharmacological  problems.   Areas 
of  investigation  run  the  full  gamut  of  program  interests  from  chemically 
oriented  conformational  studies  of  synthetic  peptides,  development  of  ana- 
lytical techniques,  development  of  new  drug  entities  and  studies  of  mechanisms 
of  action,  to  clinical  studies  of  drug  transference  and  sensitivity  in  patients, 

The  Pharmacology-Toxicology  Program  also  continues  to  support  three  career 
(lifetime  research)  awardees  at  a  total  level  of  about  $90,000. 

Total  expenditures  for  research  training  by  all  mechanisms  was  about  $6.3 
million . 

PROGRAM  ADMINISTRATION 

Organization  and  Management 

The  Pharmacology- Toxicology  Program  formerly  consisted  of  three  major 
subprograms;  pharmacology-toxicology 3    clinical  pharmacology 3    and  biorelated 
chemistry .      More  recently,  a  new  subprogram,  molecular  pharmacology,   was 
formed  to  provide  for  the  interface  between  pharmacology  and  biorelated 
chemistry  and  to  develop  better  planning  and  coordination  of  the  basic 
research  portions  of  these  two  programs.   As  a  consequence,  two  new  program 
projects  involving  both  chemists  and  pharmacologists  working  on  certain  com- 
mon problems  have  recently  been  programmed,  reviewed,  and  approved.   This 
arrangement  is  intended  to  encourage  better  collaboration  between  these  two 
disciplines. 

Support 

The  program  was  supported  at  a  level  of  approximately  $28  million,  including 
approximately  $6.3  million  in  training  support.   Details  are  given  in  the 
financial  statement  of  the  Institute. 
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Communication 

Through  its  support  of  the  Drug  Research  Board  of  the  National  Academy  of 
Sciences /National  Research  Council,  the  Pharmacology-Toxicology  Program 
continues  to  participate  in  the  planning  and  sponsorship  of  conferences  and 
workshops.   The  Workshop  on  the  Quality  of  Clinical  Trials  at  the  Medical 
University  of  South  Carolina  (March  24-25,  1975)  was  highly  successful.   The 
proceedings  of  the  Workshop  on  Dermatopharmacology  were  published  in  the 
November  1974  issue  of  CLINICAL  PHARMACOLOGY  AND  THERAPEUTICS.      Workshops 
in  the  planning  stage  include  the  Second  Workshop  on  Dermatopharmacology 
and  the  Second  Workshop  on  Immunopharmacology;  others  are  in  the  conceptual 
stage.   The  fourth  biennial  Pharmacology-Toxicology  Program  Symposium  for 
awardees  of  the  program  will  be  held  in  November  1975. 

RESEARCH  HIGHLIGHTS  (CLINICAL) 

Three  major  areas  of  significant  clinical  impact  have  been  chosen  to 
demonstrate  accomplishments  during  the  past  year;  clinical  pharmacokinetics, 
immunopharmacology,  and  cardiovascular  research. 

1.   Clinical  Pharmacokinetics 

Pharmacokinetics  is  the  study  of  the  processes  of  absorption,  distribution, 
biotransformation,  and  excretion  of  a  drug.   It  requires  the  ability  to 
measure  the  concentration  of  drugs  and  drug  metabolites  in  various  body 
fluids  and  tissues.   A  relatively  new  subdiscipline,  clinical  pharmaco- 
kinetics represents  the  culmination  of  recent  advances  in  the  areas  of 
pharmacokinetics,  clinical  pharmacology,  analytical  chemistry,  biostatistics, 
bioma thematic a,  and  biopharmaceutics.   The  aim  of  the  clinical  pharmaco- 
kineticist  is  the  safe  and  effective  therapeutic  management  of  drug  therapy 
in  the  individual  patient.   His  functions  include  the  initial  design  of  drug 
dosage  regimens  for  individual  patients  and  refinement  and  readjustment  of 
dosage  regimens,  when  necessary,  based  on  serial  monitoring  of  drug  concen- 
tration in  plasma  or  other  fluids  and  direct  clinical  measurement  of  drug 
response.   Pharmacokinetic  diagnostic  evaluations  are  becoming  important 
by  helping  determine  the  reasons  a  patient  demonstrates  an  unusual  response 
to  a  drug. 

Three  groups  have  set  up  clinical  pharmacokinetic  laboratories  funded  by 
NIGMS.   The  following  are  some  of  their  accomplishments  during  the  past 
year. 

a.   "New  Examples  of  the  Essential  Role  of  Clinical  Pharmacokinetics" 
GM16496  (Melmon)  University  of  California,  San  Francisco 

During  the  past  year,  Dr.  Melmon  and  his  colleagues  have  confirmed 
the  observation  that  monoethylglycinexylidide  (MEGX) ,  a  metabolite  of 
lidocaine  which  is  equipotent  to  the  parent  drug  in  antiarrhythmic 
activity,  approaches  the  plasma  concentration  of  the  parent  drug  in 
some  patients  receiving  long-term  infusions  of  lidocaine.  Moreover, 
they  showed  that  accumulation  of  MEGX  is  more  likely  to  occur  in 
patients  with  congestive  heart  failure,  thus  demonstrating  the 
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importance  of  measuring  both  lidocaine  and  MEGX  in  the  plasma  of 
patients  who  receive  lidocaine  and  who  experience  unusual  efficacy 
or  toxicity. 

"Drug  Dose  Levels  and  Protein  Binding" 

GM15956  (Azarnoff)  University  of  Kansas  Medical  Center 

The  binding  of  drugs  to  plasma  proteins  can  profoundly  influence 
their  pharmacological  or  toxicological  actions,  as  well  as  their 
disposition.   Drugs  ordinarily  exist  in  blood  plasma  in  two  forms, 
free  and  bound  to  protein.  While  the  two  forms  are  in  equilibrium, 
with  the  free  drug  being  the  active  form,  the  extent  of  protein 
binding  varies  with  each  drug.   Patients  with  certain  types  of 
tubular  kidney  disease  (the  nephrotic  syndrome)  lose  large  amounts 
of  protein  in  their  urine  and  consequently  have  a  decreased  level 
of  plasma  protein.   Previous  reports  suggested  that  patients  with 
kidney  disease  being  treated  with  clofibrate  (to  reduce  plasma 
cholesterol  and  triglycerides)  had  a  high  incidence  of  adverse 
side  effects.   Since  clofibrate  is  a  drug  which  is  highly  bound 
to  plasma  proteins,  the  assumption  was  made  that  the  adverse  effects 
resulted  from  a  high  level  of  unbound  clofibrate,  which  in  turn  was 
the  result  of  the  low  plasma  protein  concentration  in  these  patients. 
A  pharmacokinetic  study  of  clofibrate  as  well  as  antipyrine  and 
diphenylhydantoin  was  undertaken  at  the  University  of  Kansas  Medical 
Center  which  involved  both  healthy  individuals  and  patients  with 
nephrotic  syndrome  having  minimally  disturbed  kidney  function. 

Both  groups  handled  antipyrine  (which  is  less  than  10  per  cent 
bound  to  plasma  proteins)  normally.   The  fraction  of  unbound  di- 
phenylhydantoin was  twice  as  high  in  the  patients  with  nephrotic 
syndrome  and  with  lowered  plasma  protein  concentration  as  in  normals; 
the  unbound  clofibrate  fraction  was  over  three  times  higher  in  these 
patients  than  in  normals.   However,  it  was  also  found  that  the  drugs 
were  eliminated  from  the  body  much  faster  in  patients  with  nephrotic 
syndrome  and  the  distribution  volume  was  also  calculated  to  be  larger 
in  the  patients.   Pharmacokinetic  calculations  indicate  that  because 
of  these  compensatory  mechanisms  the  concentvabion   of  unbound  drug 
is  the  same  in  nephrotic  patients  as  in  normals  and  adjustment  of 
drug  dosage  to  lower  levels,  as  has  been  done  previously  with  these 
patients,  is  not  appropriate. 

"Pharmacokinetics  in  the  Human  Neonate" 

GM19568  (Levy)  State  University  of  New  York  at  Buffalo 

Acetaminophen  and  aspirin  are  both  widely  used,  over-the-counter 
drugs  for  relief  of  minor  pain  and  fever.  Many  pregnant  women 
have  taken  these  drugs  immediately  prior  to  delivery  and  they  are 
found  in  the  plasma  of  the  newborn  infant.   The  availability  of 
sensitive  and  specific  analytical  methodology  has  made  it  possible 
to  study  these  drugs  in  the  neonate  entirely  by  the  use  of  urine 
specimens  or  very  small  samples  of  blood.   The  group  at  the  State 
University  of  New  York  at  Buffalo  have  done  extensive  studies  on 


71 


the  conjugation  and  elimination  of  acetaminophen  and  the  binding 
of  salicylates  in  the  newborn  which  have  implications  for  other 
drugs  as  well.   For  example,  it  was  found  that,  while  acetaminophen 
is  normally  conjugated  as  the  glucuronide  in  adults,  this  process 
is  much  slower  in  infants  and  is  unrelated  to  other  physiologic 
parameters,  such  as  the  degree  of  neonatal  jaundice.  Another  impor- 
tant detoxification  process,  conjugation  with  sulfate,  is  more  active 
in  the  neonate  than  in  adults.   On  the  basis  of  these  findings,  it 
should  be  possible  to  design  drugs  which  are  metabolized  largely 
by  sulfate  conjugation  for  safe  use  in  small  infants  and  pregnant 
women . 

Aspirin  (salicylate)  presents  other  problems  in  that  about  10  per 
cent  of  all  newborn  infants  have  measurable  concentrations  of 
salicylate  in  the  blood  at  birth.   Salicylate  displaces  other  drugs 
and  physiologic  substances  from  normal  plasma  binding  sites  and 
thus  potentiates  their  toxic  effects.   One  relatively  common  problem 
affecting  newborn  infants  is  a  high  level  of  bilirubin  (formed  from 
degradation  of  hemoglobin)  which  is  normally  bound  to  plasma  protein. 
If  levels  increase  much  above  normal,  serious  complications,  includ- 
ing kernicterus  and  brain  damage,  can  result.   Studies  at  the  Buffalo 
laboratories  have  provided  information  vital  to  the  medical  manage- 
ment of  infants  born  with  high  salicylate  levels  as  well  as  informa- 
tion relative  to  the  general  conjugation  and  detoxification  problems 
of  the  neonate. 

2.   Immunopharmacology 

Some  examples  of  the  results  sought  through  the  application  of  immunophar- 
macological  principles  include  stimulation  or  suppression  of  the  immune 
mechanism  through  the  use  of  drugs  or  drug-related  techniques.   Also  included 
in  immunopharmacology  would  be  the  drug  treatment  of  autoimmune  and  collagen 
diseases,  drug  treatment  of  certain  malignancies,  and  the  attachment  of  drug 
molecules  to  certain  cells  in  the  patient's  body  which  will  cause  an  immuno- 
logical reaction  within  the  patient's  body  for  the  treatment  of  a  specific 
disease  state. 

a.   "Psoriasis — A  New,  Effective  Treatment" 

GM15759  (Pearson)  University  of  California,  Los  Angeles 
GM16538  (Calabresi)  Brown  University 

Psoriasis  is  generally  thought  of  as  a  mild  skin  disorder,  but  it 
can  be  severe  and  debilitating,  with  involvement  of  the  skeletal 
and  cardiovascular  systems  in  addition  to  the  skin.   Dr.  Pearson 
and  Dr.  Charles  J.  McDonald  (clinical  pharmacologist  at  Brow.i 
University)  have  been  working  with  azaribine  (2', 3', 5'  triacetyl 
6-azauridine) ,  which  is  expected  to  be  marketed  in  the  fall  of 
1975  under  the  name  Triazure  .   This  is  one  of  many  nucleoside 
analogs  which  have  been  synthesized  and  tested  for  biological 
activity.   The  primary  stimulus  behind  this  interesting  area  of 
research  was  the  hope  of  identifying  new  and  effective  antineo- 
plastic agents.   Because  of  their  specific  ability  to  inhibit  nucleic 
acid  biosynthesis,  it  is  not  surprising  that  nucleoside  analogs  have 
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demonstrated  their  capacity  to  act  as  antiproliferative  agents  in 
other  disorders,  besides  cancer,  whose  pathogenesis  involves 
nucleic  acid  biosynthesis  and  cellular  proliferation.  Azaribine 
is  extremely  effective  in  the  treatment  of  severe  recalcitrant 
psoriasis  and  psoriatic  arthritis. 

"HL-A,  W27 — An  Antigen  in  Certain  Types  of  Rheumatic  Diseases" 
GM15759  (Pearson)  University  of  California,  Los  Angeles 

Members  of  Dr.  Pearson's  division  at  UCLA  discovered  recently  that 
there  is  a  high  degree  of  correlation  between  the  presence  of  a 
transplantation  antigen  and  two  specific  diseases,  ankylosing 
spondylitis  and  Reiter's  syndrome,  both  of  which  can  be  debili- 
tating. 

All  humans  have  three  or  four  transplantation  antigens  on  all  of 
their  body  cells  except  red  blood  cells.   The  observation  that 
one  of  these  antigens,  namely  W27,  occurs  in  about  6  per  cent   of 
American  Caucasians  and  in  95  per  cent   of  patients  with  the  two 
above-listed  diseases  may  indicate  a  relationship  between  the 
presence  of  this  antigen  and  the  disease.  Members  of  the  division 
are  exploring  these  interrelationships. 

"Thoracic  Duct  Drainage  in  Rheumatoid  Arthritis  and  Scleroderma — 

Effective  Therapy" 

GM15759  (Pearson)  University  of  California,  Los  Angeles 

Several  years  ago,  Dr.  Harold  Paulus,  a  colleague  of  Dr.  Pearson's, 
initiated  a  project  to  deplete  certain  patients  of  lymphocytes, 
which  may  be  harmful  cellular  elements  in  some  autoimmune  or  auto- 
allergic diseases.   The  technique  involves  surgical  cannulation 
and  drainage  of  the  thoracic  duct,  removal  of  the  specific  lympho- 
cytes, and  re-infusion  of  the  remaining  fluid  and  white  cells. 
Dr .  Paulus ' s  group  has  done  such  drainage  procedures  for  up  to 
60  to  90  days  in  16  hospitalized  patients  with  rheumatoid  arthritis 
and  certain  other  related  conditions. 

The  patients  with  rheumatoid  arthitis  (RA)  have  achieved  remarkable 
symptomatic  improvement  after  about  14  days  of  the  above-described 
drainage.   This  improvement  continues  throughout  the  entire  drainage 
period,  and  it  may  mean  that  one  of  several  links  in  the  inflammatory- 
immunologic  (allergic)  chain  has  been  broken  by  this  procedure.   The 
procedure  is  elucidating  some  of  the  mechanisms  involved  in  human 
rheumatoid  arthritis  and  may  lead  to  the  design  of  drugs  which 
accomplish  the  same  result  without  surgical  intervention. 

After  drainage  is  discontinued,  the  patients  gradually  revert  to 
the  rheumatoid  state,  but  each  one  of  them  has  been  bettered  by 
about  50  per  cent  in  comparison  to  their  prior  state.   It  is  antici- 
pated that  they  may  be  maintained  in  remission,  after  the  drainage 
period,  with  low  doses  of  immunosuppressant  drugs. 
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Of  the  various  other  autoimmune  diseases  treated  by  this  procedure, 
three  patients  with  near-terminal  scleroderma  (a  condition  in 
which  there  is  an  excessive  deposit  of  collagen  or  scar  tissue  in 
the  skin  and  many  of  the  internal  organs,  such  as  the  lungs  and 
the  heart)  have  shown  startling  improvement  with  thoracic  duct 
drainage  for  30  or  40  days.   The  reasons  for  such  remarkable  improve- 
ment are  being  explored  and  may  provide  leads  into  the  mechanism  of 
the  autoimmune  diseases  and,  hopefully,  the  development  of  adequate 
and  satisfactory  treatment  for  these  devastating  diseases. 

"A  New,  Sensitive  Assay  for  Quantitation  of  Disease  Activity  in 
Collagen/Connective  Tissue/Autoimmune  Disease" 
GM15559  (Bacon)  University  of  Michigan 

The  absence,  insensitivity,  or  variability  of  objective  clinical 
and  laboratory  parameters  of  disease  activity  and  tissue  breakdown 
has  hampered  the  study  of  rheumatic/connective  tissue  diseases. 
Dr.  Donald  R.  Kay  has  now  developed  sensitive  gas  chromatographic 
assays  for  xylosylserine  and  for  anionically  bound  carbohydrates 
which  provide  objective,  sensitive  measurements  of  connective 
tissue  turnover. 

Significantly  elevated  urinary  xylosylserine  and  other  anionically 
bound  carbohydrates  were  found  in  rheumatoid  arthritis,  progressive 
systemic  sclerosis,  relapsing  polychondritis,  Paget's  disease, 
hyperparathyroidism,  and  hyperthyroidism.  All  these  diseases  are 
felt  to  involve  autoimmune  processes.   In  rheumatoid  arthritis,  it 
was  found  that  there  was  a  direct  correlation  between  excretion  of 
these  products  and  the  amount  of  bone  and  cartilage  lost  as  detected 
by  roentgenograms.   In  addition,  serial  studies  of  patients  treated 
with  gold  salts  or  cyclophosphamide  demonstrated  a  decrease,  or  a 
return  to  normal,  in  the  excretion  of  anionically  bound  carbohydrates, 
which  correlated  with  suppression  of  the  disease  as  judged  clinically. 
Patients  with  progressive  systemic  sclerosis  have  elevated  levels  of 
xylosylserine  and  anionically  bound  carbohydrates,  even  though  uri- 
nary excretion  of  traditional  markers  of  connective  tissue  turnover 
such  as  hydroxyproline  were  not  significantly  different  from  normal 
subjects. 

Cardio vas cular  Research 

"Improved  Drug  Therapy  in  Hypertension" 

GM14270  (Richardson)  Emory  University  School  of  Medicine 

Hypertension  is  one  of  the  major  cardiovascular  diseases,  which  are 
the  leading  cause  of  death  in  the  United  States.   The  center  at  Emory 
University  (formerly  under  the  direction  of  Dr.  Leon  I.  Goldberg) 
focuses  on  both  the  mechanisms  underlying  hypertension  and  the  mecha- 
nisms and  time  course  of  action  of  antihypertensive  drugs.   Their 
findings  point  to  a  number  of  ways  in  which  physicians  can  improve 
care  of  the  hypertensive  patient  both  in  terms  of  safety  and  the 
more  effective  use  of  drugs.   The  center  has  studied  intensively  a 
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a  potent  new  vasodilator  and  antihypertensive  agent,  minoxidil. 
The  duration  of  action  of  a  single  dose  of  minoxidil  was  found  to 
vary  from  one  to  five  days,  which  indicates  that  the  drug  need  be 
given  only  once  a  day.   This  is  an  important  finding,  since  it  is 
known  that  patient  compliance  is  much  better  if  drugs  need  be  taken 
only  once  or  twice  per  day.   The  center  has  also  derived  a  dosing 
regimen  for  minoxidil  which  may  be  used  to  reduce  dangerously  high 
blood  pressures  in  a  controlled  fasion  within  24-42  hours.   Such  a 
regimen  has  considerable  advantage  over  currently  used  methods 
which  rely  either  on  intravenously  administered  agents  which 
abruptly  lower  blood  pressure  or  on  oral  medications  which  may 
require  days  of  therapy  before  the  safe  and  effective  dose  is 
achieved.   Propranolol  was  found  to  potentiate  the  hypotensive 
effect  of  minoxidil  by  minimizing  the  increases  in  plasma  renin 
activity  and  cardiac  output.   Thus,  pharmacologically  and  clinically, 
the  combination  of  minoxidil  and  propranolol  may  be  very  useful. 

"Studies  on  the  Metabolism  of  Propranolol" 

GM20387  (Gaffney)  Medical  University  of  South  Carolina 

Propranolol  is  a  potent  beta-adrenergic  blocking  agent  which  is 
widely  used  in  the  treatment  of  angina  pectoris,  certain  cardiac 
arrhythmias,  and  hypertrophic  subaortic  stenosis.   It  produces  a 
variety  of  effects  whose  pharmacological  basis  is  poorly  understood. 
More  than  97  per  cent  of  an  administered  dose  is  known  to  be  metabo- 
lized in  man  and  some  of  the  numerous  pharmacological  effects  may  be 
attributed  to  drug  metabolites.   Dr.  Gaffney  and  his  co-workers  have 
concentrated  on  studying  the  metabolism  and  disposition  of  proprano- 
lol in  man  and  animals. 

A  glucuronic  acid  conjugate  was  indirectly  identified  as  a  major 
propranolol  metabolite  in  urine  from  patients  chronically  treated 
with  propranolol,  as  well  as  detected  as  a  major  metabolite  in  plasma 
from  the  same  patients.  While  free  propranolol  concentrations  in 
plasma  varied  widely  and  had  no  correlation  with  daily  dose,  a  linear 
relationship  was  obtained  when  free  plus  conjugated  drug  in  plasma 
was  plotted  against  administered  dose.   A  similar  linear  correlation 
was  found  in  urine.   These  findings  suggest  that  the  large  between- 
patient  variation  in  free  propranolol  concentration  in  both  plasma 
and  urine  may  be  due  to  different  degrees  of  glucuronic  acid  conju- 
gation or  to  differences  in  6- glucuronidase  activity.   A  lack  of 
conjugating  capability,  as  in  newborns  or  after  ingestion  of  glucu- 
ronyl  transferase  inhibitors,  such  as  salicylates,  could  have  impor- 
tant clinical  implications,  particularly  when  used  to  treat  hyper- 
trophic subaortic  stenosis.   Since  most  tissues  demonstrate  3- 
glucuronidase  activity,  propranolol  may  be  transported  as  the 
glucuronide  to  the  site  of  action  where  itL  is  hydrolyzed  to  its 
active  form. 
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c.   "New  Lidocaine  Congener" 

GM15431  (Oates)  Vanderbilt  University  Medical  Center 

The  drugs  currently  available  for  the  treatment  of  abnormal  cardiac 
rhythms  leave  much  to  be  desired.  Most  patients  taking  them  over 
prolonged  periods  of  time  develop  difficulties  from  side  effects 
and  toxicity. 

Lidocaine  is  so  rapidly  inactivated  by  the  liver  that  little  of  it 
reaches  the  heart  following  its  oral  administration;  however,  it  is 
effective  when  given  intravenously.   A  related  drug,  2  amino-2'6' 
propionoxylidide  (a  congener  of  lidocaine)  was  developed,  in  collabo- 
ration with  industry,  with  the  intent  of  reducing  the  rate  of  hepatic 
elimination  and  making  oral  administration  possible.   Single-dose 
studies  illustrated  that  this  drug  does  appear  in  plasma  following 
oral  administration  in  patients  and  that  it  persists  in  the  body 
with  a  half-life  of  approximately  14  hours.   In  addition,  the  drug 
suppressed  ectopic  ventricular  beats  in  the  majority  of  patients 
receiving  single  doses.   Based  on  this  knowledge  of  the  drug's 
disposition,  it  was  possible  to  devise  a  dosage  regimen  which  yields 
predictable  and  safe  levels  of  drug  in  plasma  without  an  unwanted 
accumulation.   Further  studies  now  under  way  demonstrate  that  this 
drug  is  effective  in  suppressing  abnormal  cardiac  rhythms  over  longer 
periods  of  time.   These  studies  have  employed  computer  monitoring  of 
the  abnormal  cardiac  rhythm  by  telemetry.   The  findings  to  date 
suggest  that  this  drug  has  the  potential  of  providing  control  in  a 
significant' fraction  of  patients  whose  arrhythmias  had  been  difficult 
to  manage  with  currently  available  drugs. 

RESEARCH  HIGHLIGHTS  (BASIC) 

A  substantial  portion  of  the  program  funds  support  basic  research  on  the 
fundamental  aspects  of  pharmacology  and  medicinal  (biorelated)  chemistry. 
In  this  section  are  brief  descriptions  of  selected  research  highlights  in 
these  areas. 

1.   "Individual  Differences  in  Drug  Metabolism" 
GM22193  (Reidenberg)  Cornell  University 

This  group  is  studying  the  effects  of  individual  differences  in  drug 
metabolism  on  the  actions  of  drugs  in  man.   Dr.  Reidenberg  has 
recently  discovered  that  the  metabolism  of  the  antiarrhythmic  drug, 
procainamide,  is  under  genetic  control.   Genetic  "rapid  ace ty la tors" 
are  individuals  who  produce  twice  as  much  of  the  major  metabolite 
as  others  who  are  termed  "slow  acetylators."  Because  the  acetylated 
metabolite  is  excreted  more  slowly  than  procainamide,  its  blood  level 
in  rapid  acetylators  is  two  to  three  times  higher  than  in  slow  acetyl- 
ators.  This  metabolite  affects  the  heart  with  a  potency  equal  to 
procainamide  and  contributes  to  both  the  pharmacologic  efficacy  and 
toxicity  of  procainamide.   Blood  levels  of  the  metabolite  and  of 
procainamide  can  be  measured  and  thus  total  antiarrhythmic  activity 
can  be  determined. 
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These  investigators  have  also  found  very  high  and  sustained  levels 
of  the  metabolite  in  two  uremic  patients  who  showed  signs  of  drug 
toxicity  despite  procainamide  blood  levels  in  the  "therapeutic" 
range.   In  light  of  Dr.  Reidenberg' s  previous  work  showing  normal 
metabolism  of  quinidine  in  patients  with  uremia,  it  appears  that 
quinidine  is  a  safer  antiarrhythmic  drug  for  patients  with  poor 
renal  function. 

2.  "Selective  Protease  Inhibitors" 

GM17849  (Shaw)  Brookhaven  National  Laboratory,  New  York 

A  major  objective  in  drug  design  is  to  achieve  specificity.   Certain 
enzymes  are  identifiable  as  suitable  targets,  e.  g. ,  a  medically  use- 
ful effect  might  result  from  their  inhibition.   Proteases  are  essential 
for  a  great  variety  of  physiologically  important  processes  and  might 
represent  one  such  class  of  enzymes.   Three  of  these  enzymes,  kalli- 
krein,  plasmin,  and  thrombin,  have  separate  functions  in  the  liberation 
of  specific  molecules  from  proteins  in  blood.   In  some  circumstances, 
it  seems  essential  to  selectively  block  one  of  these  enzymes,  for 
example,  to  prevent  blood  clotting  during  surgery. 

Dr.  Shaw  and  his  group  have  achieved  some  success  in  designing 
inhibitors  of  these  enzymes  and  have  arrived  at  a  benzamidine  deriva- 
tive which  inhibits  thrombin  but  not  plasmin  or  kallikrein.   Syntheti- 
cally making  the  inhibitor  molecule  more  compact  by  shifting  the 
position  of  one  substituent  group  destroyed  the  specificity.   This 
work  has  led  to  knowledge  of  the  differences  in  the  active  centers 
of  thrombin,  plasmin,  and  kallikrein  enzymes  as  well  as  providing 
a  basis  for  synthesis  of  selective  therapeutic  agents  which  are  now 
ready  for  testing  in  animals. 

3.  "Development  of  New  Antischistosomal  Drugs" 

GM16492  (Talalay)  Johns  Hopkins  University  School  of  Medicine 

Recent  years  have  brought  an  increase  in  the  incidence  of  schistoso- 
miasis in  the  Middle  East  and  Africa  as  a  result  of  irrigation 
projects  in  these  developing  areas.   The  problem  with  currently 
available  antischistosomal  drugs  has  been  that  their  antischisto- 
somal activity  was  paralleled  by  mutagenic  or  carcinogenic  activities 
as  well. 

Dr.  Ernest  Bueding  and  his  co-workers  at  Johns  Hopkins  University 
have  recently  obtained  evidence  that  within  a  class  of  schistcsomi- 
cidal  agents,  the  thioxanthenes,  suitable  chemical  modifications 
can  maintain  or  even  enhance  chemo therapeutic  activities  while 
markedly  reducing  the  acute  and  long-term  (carcinogenic  and  mutagenic) 
toxic  effects.   For  example,  the  acute  toxicity  of  one  of  these 
compounds  (8-chloro-5-hydroxymethyl  benzothiopyranoindazole,  an 
analog  of  hycanthone)  is  14  times  lower  than  that  of  hycanthone, 
widely  used  as  an  antischistosomal  drug  in  man.   In  addition,  this 
compound  has  only  1.5  per  cent  of  the  mutagenic  activity  of  hycanthone. 
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The  dissociation  of  biological  activities  within  this  group  of 
compounds  may  be  based  on  the  relative  proportion  of  therapeutically 
active  and  toxic  metabolites  produced  by  the  host.  Attempts  to 
isolate  these  metabolites,  to  identify  their  chemical  structure, 
and  to  evaluate  their  biological  activity  are  in  progress. 

"Selenium — An  Enigmatic  Substance" 

GM21686  (Sharpless)  Massachusetts  Institute  of  Technology 

GM16488  (Estabrook)  University  of  Texas,  Dallas 

Although  essential  in  the  diet  at  low  (trace)  levels,  the  exact 
biological  function  of  selenium  is  not  known.  While  this  element 
is  extremely  toxic  at  high  levels  and  has  been  reported  to  be  car- 
cinogenic, at  low  levels  it  actually  inhibits  carcinogenesis  in 
animals  and  humans .   Selenium  also  appears  to  have  a  role  in  detoxi- 
fication mechanisms  of  various  types.   It  has  been  found  that, 
although  mercury  and  selenium  compounds  individually  are  very  toxic, 
the  toxicity  of  each  is  greatly  diminished  when  they  are  taken 
together  in  the  diet.   Another  example  of  the  possible  use  of 
selenium  compounds  is  a  drug,  Seletoc,  which  contains  sodium 
selenite  and  vitamin  E  and  has  been  shown  to  be  effective  in 
controlling  arthritis  in  dogs. 

Until  the  function  and  role  of  selenium  compounds  has  been  elucidated, 
the  use  of  selenium  compounds  therapeutically  and  the  treatment  of 
selenium  toxicity  of  various  types  cannot  be  approached  rationally. 
Two  grantees  of  the  Pharmacology-Toxicology  Program  are  investigating 
the  biological  role  of  selenium. 

Clearly,  one  of  the  major  stumbling  blocks  preventing  understanding 
of  selenium's  role  as  an  essential  element  is  the  almost  total 
ignorance  of  the  details  of  its  biochemistry.   It  is  the  goal  of 
Dr.  Sharpless 's  research  project  to  determine  these  details.   He  has 
found  that,  when  selenious  acid  (R^SeC^)  reacts  with  mercaptans  (RSH) 
under  physiological  conditions  in  the  presence  of  an  equivalent  or 
more  of  vitamin  E  or  glucose,  the  following  stoichiometry  obtains: 

2  RSH  +  H2Se03  + Vitamin  E  (or  glucose) 

>  RSSeSR  +  2H20  +  oxidized  Vitamin  E  (or  glucose) 

The  selenotrisulfide  (RSSeSR)  unit  thus  formed  would  be  a  very  likely 
structure  to  find  in  a  protein.   The  surprising  observation  of  the 
chemical  reaction  involving  selenite  and  vitamin  E  may  have  some 
bearing  on  the  apparent  interdependence  of  selenium  and  vitamin  E 
requirements . 

Studies  from  Dr.  Estabrook' s  laboratory  suggest  that  dietary  state, 
and  particularly  selenium  levels,  can  influence  the  metabolism  of 
foreign  compounds  by  mammalian  enzyme  systems.   The  studies  were 
designed  to  determine  the  effects  of  prolonged  selenium  deficiency 
on  the  ability  of  laboratory  animals  to  metabolize  drugs.   The 


78 


parameters  examined  in  both  normal  and  selenium-deficient  animals 
included  levels  of  cytochrome  P-450,  NADPH  cytochrome  c  reductase, 
cytochrome  b$,   hydroxylation  of  several  drugs  and  potent  carcinogens, 
pentobarbital  sleeping  times,  and  the  light-absorbing  properties  of 
the  microsomal  fraction  of  the  liver  cell.   In  normal  animals, 
phenobarbital  pretreatment  causes  an  increase  in  the  metabolism  of 
other  drugs;  in  selenium-deficient  animals  the  drug  metabolizing 
ability  was  not  induced  by  phenobarbital.   The  basal  level  (without 
pretreatment  with  phenobarbital)  was  the  same  for  normal  and 
selenium-deficient  animals.   However,  carcinogenic  hydrocarbons 
were  able  to  induce  an  increase  in  metabolizing  enzymes  in  selenium- 
deficient  as  well  as  in  normal  animals. 

"Computers  in  Chemical  Research" 
GM18519  (Corey)  Harvard  University 
GM21703  (Munk)  Arizona  State  University 

There  are  several  ways  in  which  computers  can  be  useful  in  chemical 
research  beyond  the  obvious  use  of  their  arithmetic  and  computa- 
tional capability.   Two  uses  are  being  developed  by  grantees  of 
this  program.   One  involves  the  use  of  computers  to  assist  in  the 
design  of  a  synthetic  pathway  to  a  desired  molecule;  the  other 
utilizes  the  computer  to  assist  in  elucidation  of  the  structure  of 
an  unknown  molecule. 

Dr.  Corey  has  devised  computer  programs  known  as  LHASA  (Logic  and 
Heuristics  Applied  to  Synthetic  Analysis)  for  analysis  of  a  problem 
in  organic  synthesis . 

The  general  logic  and  analysis  of  the  synthetic  problem  is  as  follows. 
A  given  target  structure  is  simplified  to  a  series  of  compounds  which 
are  more  easily  synthesized  than  the  target  structure  and  which  can 
be  converted  by  a  single  known  chemical  reaction  to  the  target  struc- 
ture. Each  of  these  subtargets  can  then  be  simplified  in  the  same 
way,  generating  a  large  tree  which  will  terminate  in  a  series  of 
compounds  which  either  can  easily  be  synthesized  or  which  are  already 
available.   Reversing  the  direction  creates  a  series  of  pathways 
for  synthesis  to  the  desired  target  structure,  and  then  depending 
on  the  criteria  (yield,  cost,  availability  of  starting  materials, 
etc.)  the  best  pathway  can  be  chosen. 

The  program  has  the  capability  of  considering  various  functional 
groups,  rings,  appendages,  and  stereochemistry,  among  other  capabili- 
ties, and  can  look  ahead  as  much  as  20  steps  to  anticipate  difficul- 
ties.  Extensive  interaction  between  the  chemist  and  the  computer 
reduces  the  number  of  possibilities  to  manageable  size.   The  program 
is  being  applied  (with  support  from  other  sources)  to  molecules  of 
great  biological  interest;  e.  g.,  prostaglandins,  camptothecin,  etc. 

Dr.  Munk  has  developed  a  computer  program,  CASE  (Computer  Aided 
Structure  Elucidation),  which  assists  the  chemist  in  structural 
analysis  of  an  unknown  molecule  by  generating  candidate  structures 
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consistent  with  specified  experimental  facts.   The  program  operates 
as  follows.   The  chemist  provides  the  molecular  formula  of  the 
unknown,  the  make-up  of  the  structural  units  known  to  be  present 
(including  location  and  residual  valence  of  bonding  sites  contained 
in  these),  and  other  pertinent  information  (e.  g.,  maximum  number 
of  double  bonds,  triple  bonds,  rings,  etc.).   The  program  generates 
all  molecular  expressions  consistent  with  the  input  and  provides 
plotter  graphs  of  the  structures.   It  has  two  primary  purposes: 
to  assist  in  the  elucidation  process  and  to  assure  that  candidate 
structures  have  not  been  overlooked.   The  program  involves  a  high 
degree  of  interaction  between  the  chemist  and  the  computer  and 
uses  the  judgment  of  the  chemist  in  selecting  from  among  the 
possibilities . 

Future  plans  call  for  interfacing  the  computer  with  a  number  of 
laboratory  instruments  useful  in  structure  determination,  including 
an  IR  spectrometer,  low-  and  high-resolution  mass  spectrometers, 
and  an  NMR  spectrometer.   This  is  an  ambitious  task  which,  if 
successful,  will  provide  a  very  practical  aid  to  structural  chemists. 

RESEARCH  CONTRACTS 

A  small  part  of  the  Pharmacology-Toxicology  Program  budget  supports  research 
conducted  under  the  contract  mechanism.   During  FY  1975  this  included  two 
research  contracts. 

1.   Boston  Collaborative  Drug  Surveillance  Program  (BCDSP) 

Boston  University  ($225,000  [NIGMS]  plus  $200,000  [FDA  under 
interagency  agreement]) 

This  was  the  first  year  of  a  successful  and  productive  collaboration 
under  an  interagency  agreement  between  NIGMS  and  the  FDA  for  the 
support  of  Dr.  Jick's  project.   During  the  past  few  years,  NIGMS 
funding  for  the  project  had  been  gradually  reduced  and  focused  more 
on  the  analysis  of  data  previously  gathered  on  medical  in-hospital 
adult  patients.   The  data  base  now  consists  of  records  on  approxi- 
mately 30,000  patients  and  50,000  controls.   In  the  upcoming  year, 
Dr.  Jick  will  concentrate  essentially  all  his  effort  on  in-depth 
analytical  studies  on  the  information  already  gathered. 

By  far  the  most  interesting  finding  of  many  reported  by  Dr.  Jick  and 
his  colleagues  has  been  a  potential  relationship  between  the  ingestion 
of  reserpine  and  breast  cancer.   In  collaboration  with  scientists  from 
the  United  Kingdom  and  Finland,  the  BCDSP  published  a  report  showing 
the  possibility  of  a  causal  association  in  women  between  inge.stion 
of  reserpine  for  hypertension  and  the  increased  incidence  of  breast 
cancer.   Because  of  the  sensitive  nature  of  this  finding,  it  was 
brought  to  the  attention  of  the  manufacturer  and  the  Food  and  Drug 
Administration  prior  to  publication.   The  publication  precipitated 
considerable  interest  and  several  meetings  have  been  held  to  analyze 
the  data  from  which  the  assumptions  had  been  drawn.   The  matter  is 
still  under  statistical  and  medical  evaluation.   (See  also  Clinical 
and  Physiological  Sciences  Program,  page  50. 
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Dr.  Jick's  findings  that  there  may  be  fewer  acute  myocardial 
infarctions  (heart  attacks)  in  people  who  regularly  take  aspirin 
were  reported  prior  to  this  year.   Further  analysis  of  his  data, 
in  collaboration  with  overseas  investigators,  has  led  to  substan- 
tiation of  his  findings,  and  the  National  Heart  and  Lung  Institute 
of  the  NIH  has  undertaken  a  prospective  study  (based  primarily  on 
Dr.  Jick's  reports)  involving  aspirin  ingestion  and  the  potential 
decrease  in  myocardial  infarction. 

Data  accumulated  by  the  BCDSP  provide  an  estimate  of  the  acute  and 
long-term  toxicity  of  most  of  the  drugs  used  in  adult  medicine. 
When  extrapolated  to  the  entire  American  population,  these  data 
suggest  that  adverse  drug  reactions  in  their  totality  yearly  afflict 
millions  of  people,  causing  hundreds  of  thousands  of  hospitalizations 
and  deaths  numbering  in  the  tens  of  thousands.  However,    the  rates 
and  severity  of  adverse  drug  reactions  to  individual   drugs  are 
remarkably  low  in  view  of  their  potent  pharmacologic  properties. 
The  prevalence  of  drug-related  morbidity  and  mortality  primarily 
reflects  the  extensive  multiple  use  of  drugs  in  patients. 

2.   Investigations  in  Drug  Metabolism 

Research  Triangle  Institute  ($562,500) 

The  Research  Triangle  Institute  has  completed  the  mapping  out  of 
the  metabolic  pathways  of  most  of  the  oral  contraceptive  steroids 
in  current  use.   This  project,  which  is  in  its  final  year,  has 
contributed  substantially  to  the  knowledge  of  these  compounds. 
Dr.  Wall's  group  has  developed  the  methodology  and  instrumentation 
now  utilized  by  many  other  scientists.   During  the  past  year, 
further  advances  in  radioimmunoassay  (RIA)  have  been  made.   The 
development  of  an  RIA  procedure  using  antiserum  to  phenylbutazone 
has  been  completed  and  the  results  have  been  published.   Progress 
has  also  been  made  in  the  development  of  RIA  procedures  for  measuring 
the  cardiac  drug,  quinidine;  the  antiasthmatic,  theophylline;  and 
the  anticonvulsants,  ethosuximide  (Zarontin)  and  methsuximide 
(Celontin) . 

In  collaborative  studies  with  clinical  investigators,  a  number  of 
compounds  have  been  synthesized,  with  stable  or  radioactive  labels, 
for  a  variety  of  pharmacological  studies. 
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